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In all, four field experiments were conducted in rabi 
(winter) season of 1982-85 at the Agricultural Farm of the 
Aligarh Muslim University, Aligarh. The aim was to select the 
better performing of the available triticales and to work out 
their optimum sowing date, seeding rate and basal nitrogen and 
phosphorus requirements, keeping one cultivar each of wheat and 
rye (the parents) as check in all the experiments. The criteria 
for assessing crop performance were based on population count, 
carried out as number of plants/sq m after one month of sowingj 
growth characters and leaf-NPK content determined at tillering, 
heading and milky grain stage of growth^ and yield as well as 
quality attributes studied at harvest. Moreover, in the last 
(nutrition) experiment, NRA in flag and second leaf was also 
assayed. Most of the data were significant and are summarised 
as under. 
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Experiment 1 (1982-83) was performed according to 
simple randomised block design to screen eight cultivars of 
triticale, namely Badger PM 118, Bronco 90 (old cvs,) Delfin, 
Juppa " f , Mula "S", Muskox "S", Tigre "S* (hew CIMMYT cvs.) and 
TL 419 (new PAU cv,), keeping HD 1982 wheat and Russian Rye as 
checks. The crop was sown on 10 November, 1^2 at the rate of 
50 kg seed/ha with a uniform basal fertiliser dressing of 
^150^30%0' Harvesting was undertaken in April, 1983 as and 
when each cultivar matured. Rye, followed by wheat and Delfin 
in that order, proved best for population density. However, for 
most of the growth characters and leaf-NPK contents, Delfin 
gave the best results. This new triticale either gave the 
highest value or was at par with the variety giving the highest 
value for most yield parameters, including grain yield and 
harvest index in which it equalled wheat, Xn addition, Delfin 
also proved best for all the quality parameters, being mostly 
equalled by Tigre "S" and wheat. On the other hand, Badger 
PM 118, Bronco 90, Juppa "S" and Mula "S" proved inferior to the 
remaining four triticales as well as wheat for one or the other 
growth parameter, leaf-NPK content and yield and quality 
attributes. Therefore, the better performing triticales 
(Delfin, Muskox "S", Tigre "S" and TL 419) were selected for the 
subsequent three experiments. 
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Experiment 2 (1983-84) was a factorial randomised 
field trial conducted to work out the optimum out of four sowing 
dates (25 October, tO November, 25 November and 10 December) for 
the selected triticales (Delfin, Muskox "S", Tigre "S" and 
TL 419), keeping HD 1982 wheat and Russian Rye as checks. 
Seeding rate was increased to 100 kg seed/ha as more seed became 
available* A basal fertiliser dose of N^ 50^30^0 *'®® applied 
uniformly* The crop was sovm on the specified dates in 1983. 
Each cultivar was harvested separately on maturity in April, 1984, 
10 November proved best while 10 December gave poorest results 
for growth characteristics, leaf-NHC contents and yield as well 
as quality attributes. Among varieties rye, followed by wheat 
and Delfin in that order, gave highest number of plants/sq m. 
However,Delfin proved the best and rye the poorest for most 
growth characters, leaf-NPK contents and yield and quality 
parameters. The interaction 10 November x Delfin proved optimum 
and 10 December x rye showed lowest performance for most growth 
characters, leaf-NPK contents and yield and quality 
characteristics. 
Experiment 3 (1983-84) was also laid out according to 
factorial randomised block design. The aim was to determine the 
optimum among five seeding rates (50, 75, 100, 125 and 150 kg 
seed/ha) for the same triticales (Delfin, Muskox "S", Tigre "S" 
and TL 419), again with HD 1982 wheat and Russian Rye as checks. 
The crop was sown on 10 November, 1983 with a uniform fertiliser 
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dose N^ 50^30^0* ^^^^ cultivar was harvested as and when it 
matured in April, 1984, Population density increased 
progressively from 50 to 150 kg seed/ha, w^iereas the values 
recorded for growth characters, leaf-NPK contents and most of 
the yield attributes decreased gradually at each stage with 
increasing seeding rate. However, grain and etraw yield 
increased with increasing rates upto 125 kg seed/ha but 
decreased sharply at 150 kg seed/ha. 125 kg seed/ha also gave 
the highest values for harvest index and most of the significantly 
affected quality parameters which, however, showed no definite 
trend. Among different cultivars, Delfin exhibited the highest 
population density and also proved best for almost all the growth 
parameters and leaf-NPK contents as well as for most of the yield 
and quality attributes. Regarding the interaction effects 
(seeding rate x variety), much variation was noted at each stage. 
However, 125 kg seed/ha x Delfin proved the best combination for 
grain yield} 125 kg seed/ha x TL 419 was optimum for straw yieldj 
and 125 kg seed/ha x wheat, equalled by 125 and 75 kg seed/ha x 
Delfin, gave best results for harvest indesc. 
Experiment 4 (1984-^5) also was conducted according to 
factorial randomised block design to establish the basal nitrogen 
and phosphorus requirement of the selected triticales (Delfin, 
Muskox "S", Tigre "S" and TL 419), retaining HD 1982 wheat and 
Russian Rye as check. All possible combinations of three levels 
each of nitrogen (N^^QI I^QQ and Ng^g) and phosphorus (P^Q, P^Q 
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and PRQ) were applied to each variety. The crop was sown in 
1984 on 10 November vdth 125 kg seed/ha (established as optimum 
sowing date and seeding rate in Experiments 2 and 3 
respectively). Treatoent N200P40 proved best for-population 
count and all the growth, yield and quality parameters. However, 
250 kg I^ha (fijso) with P3Q, P^Q or P^Q gave the best value for 
leaf-N, P or K at different stages. Regarding varietal 
performance, Delfin gave maximum value for most of the growth, 
yield and quality parameters, and leaf-NPK contents. teaf-NRA 
was also maximum in Delfin in most cases. As regards 
interaction, ^200^40 x Delfin gave the highest value for most 
of the growth, yield and quality parameters as well as for leaf-
NRA, However, N25QP3Q X different varieties (including Delfin) 
gave highest value for leaf-Ni^ contents in most cases. 
Regarding correlation studies (computed in this 
experiment only), it was detewnined that growth and yield 
characteristics as well as NPK contents and NRA in leaf 
attributed positively to the final yield of the crop and that 
grain yield of different cultivars could be predicted on the 
basis of determination of growth characters, leaf-NPK contents 
and leaf-NRA at different growth stages. Similarly, leaf-NRA 
could also be used to predict the grain quality of various 
cultivars tested. 
Thus, it is concluded that, out of the eight triticale 
cultivars, Delfin, Muskox "S", Tigre «S" and TL 419 proved better, 
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with Delfin giving the best performance. Among the various 
sowing dates and seeding rates, 10 November and 125 kg seed/ha 
proved ideal. Lastly, l^ oO'^ 40 ^ ''^ '^^ % 0 ^ proved the optimum 
basal fertiliser dressing for triticales in general and Delfin 
in particular for exhibiting their genetic potential with 
respect to grain yield and quality under the agro-climatic 
conditions obtaining at Migarh, 
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CHAPTER - 1 
I N T R O D U C T I O N 
CHAPTER - 1 
INTRODUCTION 
Cereals have been the most important source of plant 
food for mankind since time immemorial. Their cultivation dates 
back to the ancient times when the Romans used to worship at 
harvest time Ceres, their goddess of agriculture* Easier 
cultivation, short span of life, stability as well as adaptability 
has enabled the cereals to enjoy a place of pridt among crop 
plants. Their superiority lies in higher percentage of 
carbohydrates together with considerable amount of protein as well 
as some fats and vitamins (Hill, 1952), It is, therefore, no 
wonder that they constitute the staple food of the majority of 
mankind. 
For thousands of years, attempts have been made to 
improve the yield and quality of cereals by proper selection. 
Since the dawn of scientific agriculture, this art has been 
persued more vigorously on scientific lines. Constant research 
has been carried out in various agro-climatic regions of the 
world, keeping the same objective in mind. These have lately 
resulted in the release of a number of high yielding varieties 
suited for cultivation in various regions of the world. Their 
high productivity coupled with sufficiently good quality has, 
thus, helped bring about the "Green Revolution" in India and 
elsewhere. The resultant enhanced food production has helped 
tide over food shortages temporarily but has failed to keep pace 
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with the explosively increasing population of the developing 
countries. That the increase in cereal production has reached a 
plateau is obvious from the fact that neither arable land area 
nor the potential of productivity can be increased indefinitely. 
Moreover, urban encroachment and deforestation, on the one hand, 
and transfer of land from other crops to cereals, on the other, 
has made the situation more alarming (Anon^ous, 1976a). 
The need of the hour, therefore, is that efforts should 
be continued not only to achieve another breakthrough by crossing 
the productivity barrier again in the case of traditional cereals 
but also to select and improve pranising new food plants that can 
withstand various stresses such as cold, drought, disease and 
poor quality of soil. At present, triticale is recognised as the 
foremost contender for this honour by farm scientists. This 
"man-made" cereal, obtained by crossing wheat and rye, has been 
claimed as the future staple food for mankind as it has inherited 
the high productivity of wheat, on the one hand, and winter 
hardiness, disease resistance and protein as well as lysine 
content of rye, on the other (Villegas et jti.,, 1968j Knipfel, 
1969; Hulse and Spurgeon, 1974), In addition, amino acid 
composition of triticale grain and the results of animal feeding 
experiments indicate that this cereal has a higher protein value 
than wheat (Kies and Fox, 1970), Further, triticale is adaptable 
to unfavourable enviroRmental conditions. It has specially been 
found to do better than wheat in disease prone production areas 
: 3 t 
and also in isemi-tropical highlands. For example, triticale has 
been grown in the mountain valleys of Nepal, particularly in low 
m 
pH soils, with SGpi yield benefit over wheat (Anonymous, 1979b). 
Superiority regarding yielding ability of triticale over wheat 
in many areas, including Australia, Brazil, East Africa, Europe, 
Himalayan foot hills and the central high plateau of Mexico has 
been proved beyond doubt (Anonymous, 1982). 
At present, triticale has exhibited wide-spread 
adaptability all over the world. It is grown on about 500,000 
hectares of land around the globe. Argentina, Australia, Canada, 
China, Hungary, Kenya, Mexico, South Africa, Spain and the USA 
have started commercial production of triticale. Certain other 
countries, such as Brazil, Chile, India, Portugal and Tanzania, 
are increasingly involved in researches on this cereal 
(Anonymous, 1982), In India,cv, TL 419 has been released to the 
farmers of Punjab (Gill et ai., 1981; Abdalla et 5i.»f 1986). 
Thus triticale, with its better potential for grain 
yield and qualitative values, deserves due attention to be paid 
by plant breeders, agronomists, cereal chemists, animal and human 
nutritionists and baking and food technologists. In this 
connection, newly released varieties, with their improved genetic 
potential for yield and quality, are required to be tested in 
different agro-climatic conditions. CIMMYT (Mexico) has, 
recently, developed new genetic stock capable of producing more 
grain coupled with superior quality. The genetic potential of 
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the new cultivars can, to a large extent, be exploited by working 
out their optimum requirements of fertiliser and other inputs as 
balanced fertiliser application plays an indispensable role in 
controlling yield and quality of grain. However, fertiliser can 
be beneficial only if the crop is sown at the proper time with 
appropriate seeding rate so as to utilise the environmental 
factors fully as well as to maintain minimum competition among 
and within the plants. 
Considerable work on various triticale varieties has 
been done at Aligarh for about a decade (Xnam, 1978) Abbas, 1980; 
Alvi, 1984) and the results have been highly encouraging. With 
new cultivars of triticale having been received frc»n CIMMYT 
(Mexico) and from other parts of India, the author decided to 
extend this commendable work to study the performance of these 
cultivars keeping one variety each of wheat and rye as check. It 
was, therefore, proposed to undertake four field experiments with 
the aim: 
(1) to screen the available triticale cultivars under local 
conditions to select those whose performance is superior, 
(2) to establish the optimum sowing date for the selected 
triticales, 
(3) to determine the appropriate seeding rate for these 
cultivars? and 
(4) to establish the nitrogen and phosphorus requirement of 
these triticales. 
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In each experiment, the performance of the crop was 
assessed on the basis of population count, growth characteristics, 
leaf-NPK content and yield as well as quality attributes. In 
addition, NRA in flag leaf and second leaf was also assayed in 
Experiment 4, 
The data found significant on statistical analysis have 
been briefly described and discussed in the light of the findings 
of other workers on cereals, particularly triticale. 
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CHAPTER - 2 
REVIEW OF LITERATURE 
2,1 Mineral nutrition of plants 
The soil is the matrix which not only supports the 
plants but also provides them with water and minerals. It 
consists of mineral matter, organic matter, water, air and living 
organisms. Of these, mineral matter, obtained from the parental 
rocks of the soil, forms the bulk of soil solids and is the main 
natural source of mineral nutrients for plants. Inorganic ions 
of the soil, derived mostly from mineral constituents, are termed 
as mineral nutrients (Noggle and Fritz, 1977), These nutrients 
are imperative to sustain the maintenance of their physical 
organisation. The activities of living cells also depend on them 
by virtue of their function in the generation or release of 
energy, the building and repair of protoplasm and the regulation 
of metabolic processes (Nason and McElroy, 1963), Therefore, some 
of these nutrients are absolutely essential for plant growth and 
development and, if deficient, cause serious injuries to the 
plant. Others are beneficial under certain conditions. 
2,1,1 Brief history 
The history of mineral nutrition of plants dates back 
to the Greek period when Aristotle (384 B,C.«322 B,C,) recognised 
the nutritive function, separating the living fxcm the dead. 
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Cato (234 B.C,-149 B.C.) was the earliest Roman agriculturist, 
who emphasised the importance of ploughing and urged the need 
for careful conservation of manure (Bould^ 1963), 
Research on plant nutrition is considered to have beew 
started in the 17th century, Glauber in 1656 found that 
saltpetre, obtained from cattle manure, was effective in plant 
growth. Later, Home in 1755 remarked that, in addition to 
saltpetre, epsom salt and potassium sulphate were required for 
proper plant growth and development (Bould, 1963), 
Real advance in the concepts of plant nutrition, 
however, can be traced to the 19th century, de Saussure (1804) 
was the first to apply modem experimental methods in plant 
nutrition. He analysed the plant ash and found that its 
composition varied with the nature of soil and age of the plant. 
Further, he maintained that nitrogen and other mineral nutrients 
were essential for plant growth and development. 
By the middle of the 19th century, agricultural 
scientists became more and more convinced of proportionate growth 
of the crop plants with regard to inorganic nutrients present in 
the soil. This view was propagated by Liebig in Germany, 
Boussingault in France and Lawes and Gilbert in England, They 
emphasised that the fertility of the soil could be maintained by 
the application of inorganic mineral salts to the soil (Noggle 
and Fritz, 1977). 
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2,2 Physiological role of N, P and K 
Among the essential mineral nutrients, nitrogen 
phosphorus and potassium are removed by the crops in large 
quantities. Therefore^ arable soil needs their constant 
replenishment for successful crop production. 
The physiological role of each of these nutrients in 
plant growth and development is briefly discussed below, 
2.2.1 Nitrogen 
Nitrogen in soil surface ranges from 0,02 to 0,25Pi, 
whereas, the nitrogen,available to the plants as nitrates, 
nitrites and exchangeable ammonium,usually makes up less than ^% 
of the total soil nitrogen content of mineral soils (Jackson, 
1965), However, nitrogen compounds constitute a significant part 
of the total weight of the plant. It is present in the 
protoplasm of the cell in the form of proteins. In addition, it 
is a constituent of many other compounds, which are of great 
physiological importance in plant metabolism. These include 
chlorophyll, nucleotides, enzymes, hormones and vitamins and some 
secondary metabolic products, like phenols, and alkaloids. 
Nitrogen deficiency, therefore, exerts a marked effect on the 
productivity of a crop (Black, 1968). Moreover, nitrogen 
deficiency inhibits the vigorous growth of the plants due to 
inadequate cell multiplication and cfell elongation; causes the 
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leaves to turn pale due to lack of chlorophyll production} 
results in premature leaf fall due to early diffe^rentiation of 
abcission layer? and delays the normal swelling and opening of 
the buds, resulting in reduction of the number of shoots and 
tillers (Hewitt, 1963). Therefore, tillering, lodging, winter 
hardiness, physiological maturity, grain size and grain and straw 
yield of cerealsj succulence and fruiting capacity of fruit 
trees} fibre characteristics of fibre crops; root growth pattern 
of legumes} and yield of many crops have been observed to be 
influenced markedly by the nitrogen supply to the crops (Black, 
1968). 
2.2.2 Phosphorus 
Phosphorus contents of most mineral soils fall between 
0.02 and 0,%, with an average of 0,02p^  compared to 0.12?^  in the 
earth*s crust (Jackson, 1965), Phosphorus in soils is found 
both in organic and inorganic forms as phosphates. It is 
absorbed by the plants from the soils as HgPO^ or HPO" anions. 
Like nitrogen, phosphorus also occupies a key position 
in plant metabolism. Various plant physiological activities, 
such as carbohydrate, fat and protein metabolisms,are directly or 
indirectly dependent on this element. It is an essential 
constituent of such compounds as nucleic acids, which carry 
hereditary material} and phosphorus-containing co-enzymes and 
phospholipids, which are used in metabolic processes. Moreover, 
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phosphorus plays an important role in energy metabolism because 
the high energy, released by hydrolysis of pyrophosphate and 
various organic phosphate bonds, is utilised to drive biochemical 
reactions in plant cells (Bidwell, 1979), 
In addition, phosphorus affects many physiological and 
morphological factors in the plant body. It promotes the 
formation of lateral and fibrous roots; increases the number of 
tillers in cerealsi is essential for seed formation and hastens 
the maturity of plants; gives strength to straw and thus prevents 
lodging; increases the grain to straw ratio and thus increases 
the economic yield and results in vigorous growth of plant and 
increases their disease resistance (Black,, 1968)* 
Astonishingly, phosphorus deficiency symptoms are like 
those of nitrogen, probably due to the fact that phosphorus plays 
an important role in the efficient functioning and utilisation of 
nitrogen in the plant (Wallace, 1961), Therefore, its deficiency 
results in limited growth, reduction in tillers and leaf number, 
premature leaf-fall, decreased number and s^mall size of flower 
premordia, fruits and seeds and abnormal coloration of leaves 
(Hewitt, 1963). 
2,2.3 Potassium 
The potassium content, expressed as lOj^ O, ranges between 
0.05^ and 3.5^(0,042% and 2,90% K) for mineral soils (Jackson, 
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1965). It is present in soils in the form of both inorganic and 
organic salts. 
Interestingly, potassium appears to have no specific 
role in plants because, unlike all other major elements, it does 
not enter into the composition of any of the important 
constituents. However, it is as important in over-all plant 
metabolism as any other essential mineral nutrient. Therefore, 
it is present in all plant parts in fairly large proportions, 
Among different parts of the plant, leaves and growing points are 
specially provided with large quantities of potassium; and in the 
cell, it is most abundantly present in cytoplasm and cell sap. 
Among the various physiological roles attributed to 
potassium, the formation of carbohydrates and proteins and the 
regulation of hydrature within the plant cell as well as of water 
loss through transpiration, are more Jjnportant for crop 
productivity. Further, potassium is also involved as an 
accelerator of many enzyme reactions. It is also a contributing 
factor in photosynthesis, especially under conditions of low light 
intensity (Wallace, 1961), 
The marked consequences of potassium deficiency are 
rosette or bushy growth of the plants due to weak stem with 
reduced growth. Its deficiency results in an over-all weakening 
of the plant as a whole and in lowering of its resistance to 
pathogens. Therefore, potassium deficient plants, specially 
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cereals, are susceptible to lodging and are prone to the attacks 
of various diseases (Bidwell, 1979). 
2.3 Leaf-NPK content 
The successful cultivation of a crop requires 
sufficient quantities of available nutrients in the soil at 
appropriate stages of plant development. Soil analysis, as a 
method of assessing the requirements of mineral nutrients of a 
plant, has been practiced for a long time. The fertiliser need 
of a soil can, of course, be evaluated by soil analysis but it 
can not help in assessing the actual amounts of mineral nutrients 
absorbed by a plant from the soil at a particular growth stage, 
de Saussure (1804) was the first to note, by comparing the 
composition of plant ash with that of the soil in which it was 
grown, that the mineral composition of the plant depended 
considerably on the nature of the soil and the age of the plant. 
Many other workers, including Liebig (1840), Boussingault (1886), 
Fraps (1912), Lagatu and Maume (1930, 1934), Arnon and Hoagland 
(1940), Chapman (1941), Wander and Brode (1941), Lindner and 
Harley (1942), Lindner (1944) and Goodal and Gregory (1947) held 
the same view. 
Thus, by the middle of the present century scientists 
had come to the conclusion that leaf was a more uniform organ of 
the plant than the other parts and that chemical analysis of the 
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leaf was more authentic for assessing the mineral nutrient status 
of the plant at a particular growth stage* Among them, the most 
notable was Lundeglrdh {1943, 1947» 1951) who recommended that 
le^f analysis was a suitable tool for assessing mineral nutrient 
requirements of a plant. Further, he claimed that the pattern of 
vegetative growth of a plant could also be reliably determined on 
the basis of mineral nutrient status of the leaves (Lundegardh, 
1951). 
Similarly, Shear fit ai.. (1946) considered that leaf 
analysis might be a valid criterion for assessing the nutrient 
status of the plant if due consideration was given to the time of 
sampling and position of the leaves on the shoot, on the one 
hand, and to the factors affecting the accumulation of the 
nutrients, on the other. Likewise, Bould (1955) recommended that 
in diagnostic and nutritional studies, leaves should be taken 
from the middle third region of extension of shoots just prior to 
fruit picking. In the case of cereals, the period of flowering, 
or that immediately before flowering, is the most suitable stage 
for leaf analysis (Lundegardh, 1951). 
A number of other crop physiologists and soil 
scientists have successfully utilised the technique of leaf 
analysis in relation to different aspects of the performance of 
various plant species. Thus, Scarseth (1943a,b), Ulrich (1943), 
Chapman and Brown (1943), Harrington (1944) and Tyner and Webb 
(1946), Das (1955, 1959), Chandrashekara and Sundara Rao (1956), 
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Sundara Rao and Krishna Rao (1956), Ranjan and Das (1957) and 
Mehrotra and Lehri (1967), obtained very reliable information 
based on leaf analysis, using crop plants, fruit trees, vegetables 
and other plant species at various locations. 
Considerable research work, concerning leaf analysis, 
has also been done at Aligarh on various crops. Safaya (1971) 
and SamiuUah (1971) on barley; Khalique (1975) on barley, maize 
and okraj Naqvi (1978) on barley and mustard; Xnam (1978), Abbas 
(1980), I n a m ^ j i , (1982c) and Abbas jgi a^, (1983a) on triticalej 
Varshney (1983) and SamiuUah ^ ^ , (1984) on lemongrass; 
Akhtar (1985) on moong and lentil; Samiullah ^ j ^ . (1985a) on 
lentil and Afridi Ml 3l» (1985) on moong have carried out 
considerable work on this aspect. 
The work on triticale in connection with leaf analysis 
is, of course, meagre, Infact, in depth studies have only been 
made at Aligarh, The few available references are reviewed below, 
Inam (1978) and Inam £t ^ , (1982c) at Aligarh (Uttar 
Pradesh, India), studied the effect of NPK fertilisation on the 
leaf NPK contents of three triticale varieties (Armadillo PPV 13, 
Armadillo T 15 and Badger PM 119) at tillering, heading and milky 
grain stages of growth. They observed that leaf NPK content was 
maximum at tillering stage, followed by those at heading and 
milky grain stages, Leaf-N content was increased with increase 
in N dose irrespective of the dose of P or K and the value was 
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highest (4,^) when the soii had received a combined application 
°^ ^ 120^60^0' regarding leaf P content, N^QP^QKQO, N,20^30*^0 
and N^20^60^0 ^^^^ maximum values (0.47%, 0.409^  and 0,30^ 
respectively) at tillering, heading and milky grain stage 
respectively, while leaf-K content was maximum {7,%) in 
N-j20^ 60^ 60 ^* tillering stage, with the combinations N^20^60^0* 
^90^60^60 ^"^ ^ 90^60^0 Proving at par with it. At heading stage, 
N^QP^QKJQ, equalled by N^QP^QK^Q, gave the highest value (5,9^); 
whereas, at milky grain stage, N^  20^60*^0 ^ ^^® ^^^ maximum value 
(3.95^ ) which was at par with those of all other doses except 
^90^30^60' 
Regarding varieties. Armadillo PPV 13 showed maximum 
NPK content at tillering, whereas at heading and milky grain 
stages, N and K were maximum in Badger PM 119 and P in Armadillo 
T 15. 
Abbas (1980) also, working at Aligarh (Uttar Pradesh, 
India), observed the effect of six sowing dates (25 October, 
10 Novemberi 25 November, 10 December, 25 December and 10 January) 
on leaf-NPK contents of four triticale varieties (UPT 72142, 
UPT 72152, XL 174 and Badger PM 118) at tillering, heading and 
milky grain stages of growth. He found that leaf-NPK content was 
maximum at tillering stage. 25 November gave highest value for N 
which was equal to those of 25 October, 10 December and 10 January, 
Whereas at milky grain stage, 10 January gave maximum N content. 
However, November sowings gave best results for P and K contents. 
: 16 t 
Moreover, Badger PM 118 gave maximum NPK content at tillering 
stage and UPT 72142 proved best at heading and milky grain stages. 
Abbas (1980) also studied the effect of seven seeding 
rates (50, 75, 100, 125, 150, 175 and 200 kg/ha) on leaf-NPK 
contents of three triticale cultivars (UPT 7438, UPT 7448 and 
Badger PM 118) at three stages of growth* Plants grovm in plots 
receiving 75 kg seed/ha gave maximum values for N and P at 
tillering stage. However, K content was maximum at 50 kg/ha rate 
and was noted to decrease gradually with increasing seeding rates. 
At milky grain stage, 75 kg/ha was optimum for all the three 
nutrients. Considering the varieties, NPK contents of all the 
varieties were highest at tillering stage, while UPT 7448 and 
Badger PM 118 gave maximum values at heading and milky grain 
stages respectively. 
Abbas (1980) and Abbas et ^ . (1983a) at Aligarh 
(Uttar Pradesh, India), studied the physiomorphological 
performance of eight triticale varieties (UPT 72142, UPT 72152, 
UPT 7438, UPT 7448, UPT 7449, Armadillo PM 108, TL 174 and Badger 
PM 118) in relation to leaf-NPK contents at tillering, heading 
and milky grain stages of crop development. UPT 7438 responded 
best for P content (1,12%) at tillering| but the value was equal 
to those of UPT 72142, UPT 72152, UPT 7448 and UPT 7449, Variety 
UPT 72142, equalled by all other varieties, except UPT 7449 and 
TL 174, gave optimum value for K content {d*A%) at this stage. 
Whereas at heading, UPT 72152 gave optimum value for K content 
(7,956) which was at par with those of UPT 7448 and UPT 7438. 
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2,4 Grain yield and quality 
Invariably, the major criteria for selecting a crop 
variety for cultivation are its yield and quality. Good yield is 
necessary not only for economic crop production but also to 
ensure human survival due to the ever-increasing food demand of 
the explosively increasing population, and good quality is 
essential to check malnutrition and, thereby, the prevalence of 
different deficiency diseases among human beings. 
Of the crops cultivated by man for thousands of years 
to fulfil his need for food, cereals occupy the most important 
position. They have been the staple food for mankind since time 
immemorial. Among the traditional cereals, monoculture of wheat 
has been the main practice for a long time in many civilizations 
which, undoubtedly, has resulted in the improvement of its grain 
yield and quality year after year. However, triticale is rather a 
new hybrid crop of wheat and rye. Their first cross is reported to 
have been made in 1875 in Britain, Researches on its genetic and 
agronomic problems began in 1937 with the discovery of colchicine 
which made it fertile by doubling its chromosome number, Muntzing 
(1939, 1966) and Muntzing £:| ^ , (1963) in Sweden and Kiss (1968) 
in Hungary did pioneer work in this connection. Meanwhile, the 
cooperative project of the University of Manitoba (Canada) and 
CIMMYT (Mexico) extended the work further. Simultaneously, various 
triticale improvement research programmes had also been started at 
different locations. It is satisfying to note that these concerted 
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efforts have resulted in the development of hundreds of new high 
yielding varieties of sufficiently good quality that are suited 
to various agro-climatic regions where this crop could be grown. 
As far as triticale yield is concerned, early 
triticales were reported to be poor yieiders, giving only 50.0^ 
of the best wheat yields (Miintzing, 1939), Later on, Ingold 
(1968), Edwards ^ ^ , (1971), Gustafson £|; ^ . (1972), Szigat 
and Muller (1974) and C^linger and Voungs (1975) noted improvement 
in triticale yields, but not to the same extent as was recorded 
simultaneously in the wheat checks. However, at present, there is 
a lot of data-record to prove that triticales have started 
outyieiding the best wheats in various agro-climatic conditions at 
many locations of the world. For example, Chauhan (1972) reported 
that the best among the triticale cultivars, included in his field 
trials conducted in the Kumaon hills (Uttar Pradesh, India), 
yielded 542,1% more than wheat, Shulyndin (1975) found that an 
Armadillo triticale strain gave 17,0 to 41,7% more yield than 
wheat check at Halle-Wittenberg (G.D.R,). Mukhordov (1976) 
recorded 18.0 to 27,^ yield increases over wheat at Omsk Province 
(West Siberia, U,S.S,R,). Pavlov ^  ^ , (1976) found that 
20 mexican hexaploid triticale strains exceeded the standard wheat 
by 9,0 to 13,0^ at Sofia (Bulgaria), Seatonberry (1978) found 
that triticale surpassed wheat by 15,0 to 24,1% at New South Wales 
(Australia), Librandi (1979) obser/ed 95,0% yield increase in 
triticale over wheat at Altipiano Silano (Italy), Bagulho (1980) 
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noted 24.0 to 37.0^ increase in yield of triticale over that of 
wheat at Elvas (Portugal), Popove and Matsov (1980) observed 
that triticale outylelded wheat by 5,4 to 6,.*^  at Sofia 
(Bulgaria). Bernard and Vermoral (t981) obtained 8.5^ yield 
increase in triticale over wheat at Clemront-Ferrand (France),, 
Gill ejt ^ , (1981) recorded 15,0 to 20,OP^  increase in yield of 
triticale over wheat at Ludhiana (Punjab, India), Poysa e;^  a^, 
(1981a) noted 4,3 to 42,9% more yield ef triticale than wheat at 
Gulph (Ontario, Canada), Rossi (1981) reported 18,5 to 26,2^ 
increase in yield of triticale over wheat at Rome (Italy), 
Gustafson et ^ , (1982) reported 13,^ increase of triticale yield 
over that of wheat at Manitoba and Saskatchewan(Canada) and 7,0 
and 15.0^ in East and West Canada respectively, Popov et a^, 
(1983) found that the best triticale yielded 28,6p^  more than wheat 
at Elena semi-mountainous regions of Sadovo (Bulgaria), 
The quality status of triticale, like other cereals, is 
determined on the basis of protein and lysine content of the 
grain; and, fortunately, triticale has an edge over wheat in this 
respect. For example, Zillinsky and Borlaug (1971) at CIMMYT 
(Mexico), Lafever and Schmidt (1972) at Fremont (Ohio, U,S.A,), 
Hristova (1974) at Sofia (Bulgaria), Kies and Fox (1974) at 
Lincoln (Nebraska, U.S.A.), Bakhshi e^ ^ , (1975) at Ludhiana 
(Punjab, India), Oplinger and Youngs (1975) at Wisconsin (Madison, 
U,S,A,), PXeshkov ^  aJL. (1979) at Moscow (U,S,S.R,), May (1981) 
at Wagga Wagga (New South Wales, Australia), Soloshenko (1981) at 
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Kiev (U.S,S.R,)» and Alvl (1984) at Aligarh (Uttar Pradesh, India), 
have proved the superiority of triticale quality with regard to 
protein and/or lysine content of the grain over that of wheat and 
other traditional cereals. Therefore, triticale has been released 
for commercial cultivation in many developed as well as developing 
countries. 
On the basis of the above discussion on triticale yield 
and quality, it is evident that the crop is, unequivocally, very 
valuable with regard to grain yield as well as quality. Therefore, 
countries confronted with high rates of increase of population, 
like India, should encourage research on triticale so as to 
develop varieties with high yield potential and quality status 
for specific agro-climatic regions of the country. For full 
exploitation of their genetic potential, work on selection of the 
best agronomic practices, including optimum sowing dates, seeding 
rates and fertiliser requirements, should be completed expeditiously 
with regard to yield and quality. The available publications on 
these aspects are reviewed below, 
2.4.1 Effect of NPK 
As was emphasised earlier(pp. 8-12) nitrogen, phosphorus 
and potassium are the essential macro-nutrients which play a major 
role in the growth and development of plants through their 
involvement in the biosynthesis of various metabolites inside the 
plant. Therefore, they are required by the plants in large 
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quantities; and, for crop plants, their replenishment Is essential 
to ensure better yield and quality. The literature Is full of 
Instances where extra supply of these nutrients In the form of 
fertilisers has been reported to augment yield as well as quality 
of various crops. However, a judicious application of these 
nutrients Is necessary to exploit the full genetic potential of a 
as 
particular crop species, / sub-.optimal or supra-optimal doses of 
one or the other of these nutrients have proved to be Injurious 
for yield and quality. In addition, it is a known fact that 
species, and even varieties, show differential response to the 
applied nutrients. Therefore, balanced application of these 
nutrients is imperative for a particular crop for full 
realisation of its genetic potential and for ensuring high 
productivity levels. 
The response of triticale to N, P and K fertilisers, 
alone or in combination, in connection with improving its grain 
yield and quality, has been studied by several plant scientists 
in different countries under various agro-climates. The more 
important of these studies are reviewed here. 
Kiss (1968) in Hungary, is supposed to be the first 
agricultural scientist to investigate the fertiliser requirements 
of triticale. According to him, the optimum fertiliser dressing 
for triticale was 140 kg N, P and K per cad hold (1 cad hold « 
0,57 hactare), given in two equal doses in autumn and spring. 
Further, he suggested that triticale should be grown in poor soils 
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and sands so as to save it from lodging commonly noted in fertile 
soils. To prevent such loding in fertile soils, he suggested the 
use of 2 kg chlormequat/cad hold or to mix 20Ji5 rye seed with that 
of triticale to act as support. 
According to Ziilinsky and Borlaug (1971), Laird 
conducted a field trial at CIANO (Mexico) in 1967-70 on two 
triticalesd 909 and T 14) and two wheats (India 66 and 
Yecora 70) and noted their response to nitrogen fertilisation. 
Levels from 0-300 kg N/ha were supplied in increments of 60 kg/ha 
to triticales and of 50 kg/ha to wheats. The grain yields of 
triticales and wheats were more or less equal from 0-120 kg N/haj 
but the difference became pronounced at higher levels of nitrogen, 
because yields of triticales were decreased sharply in comparison 
with those of the two wheats, 
Lafever and Schmidt (1972) conducted a factorial field 
experiment in 1971 at Fremont (Ohio, U.S.A,) to study the optimum 
nitrogen requirement as well as seeding rate for triticale variety 
Rosner. They applied six nitrogen doses, viz, 50, 100, 150, 200, 
250 and 300 lb/acre (56, 112, 168, 224, 280 and 336 kg/ha 
respectively) in all combinations with three seeding rates, viz. 
80, 120 and 160 lb/acre (89,6, 134.4 and 179,2 kg/ha respectively). 
They observed no significant effect of nitrogen rates on grain 
yield, test weight or protein content of grain. However, 100 
lb N/acre (112 kg N/ha) seemed to give optimum yield, which 
decreased gradually with increasing nitrogen doses. Therefore, 
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they concluded that triticale might not respond to nitrogen 
application of more than 100 lb/acre (112 kg/ha). On the other 
hand, the effect of increasing seeding rates on grain yield was 
significant and positive, 160 lb/acre (179.2 kg/ha), equalled by 
120 lb/acre (134.4 kg/ha), giving the maximum value. 
Eleven triticales, two bread wheats, one durum wheat 
and one barley were field grown with different nutrient doses at 
39 locations throughout the world in the first International 
Triticale Yield Nursery trials during 1969.-1970, using local wheat 
varieties as checks. None of the triticales tested showed the 
broad adaptability noted in some Mexican bread wheat varieties 
identified earlier. Moreover» considering all 39 locations, 
average yield was maximum (33,9 q/ha) in the local wheat variety 
used, whereas the over-all mean yield of all the varieties was 
24,8 q/ha only (MacKenzie £t ai.,, 1972). 
Fodor (1974) studied at Iregszemcse (Hungary) the 
effect of nitrogen application, ranging from 0-160 kg/ha, on the 
yield and composition of a mixture of triticale/Vicia sp. In 
addition, 60 kg P and 70 kg K/ha was applied uniformly. He found 
a positive correlation between nitrogen rates and green matter 
production; but nitrogen efficiency, crude fat and dry matter 
production were negatively correlated with nitrogen rates. 
Further, the increasing nitrogen rates decreased the proportion 
of vetch in the sward, while crude fat and starch were not 
affected by different nitrogen rates, 80 kg N/ha was found to be 
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most economical, when given in equal splits at the time of sowing 
and in early spring. 
In a nitrogen x variety trial, conducted at CIMMYT 
(Mexico) in 1975, 10 triticales, 5 bread wheats and 3 durum 
wheats were supplied with 0, 75, 150, 225 and 300 kg N/ha, All 
the varieties were found to give an average grain yield of 
51.0 q/ha irrespective of the nitrogen level applied. Among 
different nitrogen levels,even 0 kg N/ha gave rather high yield 
(40 q/ha) perhaps due to the high residual nitrogen of the soil. 
On an average, durum wheats as a group, gave higher yield at all 
nitrogen levels than all other varieties tested (Anonymous, 1975). 
In another CIMMYT report from CIif\NO (Mexico) of 1975-76 
trials, it was observed that 10 triticales gave equal grain yields 
or outyielded four best bread wheats and two best durum wheats at 
all nitrogen levels from 0^ .300 kg N/ha, At low nitrogen levels, 
used in the trials of 1974-75 and 1975.*76, triticale and wheat 
gave similar amount of dry matter yieldj but as the nitrogen 
levels were increased, triticales gave more dry matter than the 
wheats so much so that at 300 kg N/ha triticales produced about 
20 q/ha more dry matter than the bread wheats. Moreover, in the 
1974-75 trials, triticale strains Drira and Beagle produced 203 
and 184 q/ha dry matter, whereas even at the highest nitrogen 
level, the best bread wheats produced only about 160 q/ha of dry 
matter (Anonymous, 1976)D). 
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Aftidi et ai.. (1977) and Inam (1978), working at 
Aligarh (Uttar Pradesh, India), applied three nitrogen levels 
(90, 120 and 150 kg/ha) to two wheats (HD 1982 and HD 2009) and 
two triticales (Armadillo PPV 13 and Badger PM 119). A combination 
of 60 kg P^Oe and 60 kg KgO/ha was also supplied unifoiroly. They 
observed that 150 kg N/ha was the optimum nitrogen dose. 
Considering varieties, HD 1982 wheat yielded best (56.98 q/ha). 
However, triticale variety Armadillo PPV 13 was at par with the 
standard wheat variety HD 2009. The interactions HD 1982 ;c 150 
kg N/ha and Armadillo PPV 13 x 120 kg N/ha gave the highest 
yields, viz. 56,98 and 52,27 q/ha respectively. On the basis of 
these observations, they concluded that Armadillo PPV 13 could be 
commercially grown in Western Uttar Pradesh, 
Agarwal (1977) conducted a field experiment at Jhansi 
(Uttar Pradesh, India) on five varieties of triticale (Td 6, 11, 
13, 17 and 23) and one of wrtieat (K 65) during the •rabi' (winter) 
season of 1974-75. He dressed the soil with three nitrogen doses, 
viz. 0, 30 and 60 kg/ha and noted a significant linear increase 
in average grain yield from 24.5 q/ha (with no nitrogen) to 
37.8 q/ha (with 60 kg N/ha), Triticale variety Tel 23 was found 
to give the highest average yield of 35^8 q/ha, outyielding the 
wheat check by 16.0%. The remaining triticale varieties showed 
parity with wheat in grain yield and had no significant yield 
differences among themselves, except Tel 6 which differed 
critically from Tel 17, Interaction effect between nitrogen 
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rates and varieties was not significant. However Tel 23 gave 
maximum values at each nitrogen level. 
Andrali^ ik and Li^ko (1977) applied NPK fertilisers at 
Nitra (Czechoslovakia) at the rate of OJOJO, 60t78j72, I00t130:120 
and 140:182:168 kg/ha to one cultivar of triticale, three of 
wheat (Mironovska, Aurora and Kaukaz) and two of rye (Danae and 
Kustro), They noted that wheat varieties responded effectively 
upto the highest level, provided that 50% chlormequat was 
supplied to them during important growth stages of organogenesis. 
In case of the two rye varieties, increasing nitrogen rates were 
found to be inversely proportional to the grain . yield. The 
annual average grain yield was highest in the case of the three 
wheat varieties (48, 56 and 57 q/ha respectively), followed by 
the two rye varieties (48 and 49 q/ha respectively). The average 
grain yield of triticale for all the NPK rates was poorest, being 
28.0 q/ha only, 
Dhiman and Kalra (1977), in trials conducted in 1973-74 
and 1974-75 at Meerut (Uttar Pradesh, India), gave four levels of 
nitrogen (0, 25, 50 and 75 kg/ha) along with a uniform dose of 
25 kg/ha each of P2O5 and K2O ^o triticale (ST 69-1) and wheat 
(Kalyansona). They noted that in 1973-74, average grain and 
straw yields of both cultivars increased with increasing nitrogen 
levels upto 50 kg/ha. However, in the 1974-75 trial, the yields 
progressively increased upto the highest N level, with 75 kg/na 
giving the maximum grain and straw yield of 26,8 and 69.0 q/ha 
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respectively. Regarding varieties, the grain yields of the two 
varieties were more or less equal in both the years, but the 
straw yield of triticale was considerably higher than that of 
wheat, giving 34.0 and 28,1% more straw in t973-74 and 1974-75 
respectively than wheat, 
Misra (1977), working at Lucknow (Uttar Pradesh, India), 
studied the yield response of two triticales (Bronco 90 and 
Armadillo 130). He dressed the soil with 0 to 90 kg/ha and found 
that grain yield of Bronco 90 increased with increasing nitrogen 
rates from 9,8 to 15,3 q/ha and straw yield, from 27,1 to 44,4 
q/ha. Whereas, in case of Armadillo 130, the increase in grain 
and straw yield was 6,2 to 13,2 q/ha and 19.2 to 36,0 q/ha 
respectively with increasing nitrogen levels, 
Bhardwaj and Agarwal (1978) studied the effect of four 
levels of nitrogen (75, 100, 125 and 150 kg/ha) on two triticales 
(T 4 and Pc 202) and two wheats (Kalyansona and Shera) at 
Saharanpur (Uttar Pradesh, India), 40 kg each of P and K/ha was 
applied uniformly. They found no significant effect of different 
nitrogen levels either on wheats or on triticales, but the 
varietal response was significant, Shera wheat responded best 
with regard to grain yield (44,9 q/ha) due to its higher grain 
weight/ear and higher yield/plant; but grain yield of triticale 
variety Pc 202 (41.1 q/ha) was at par with that of Kalyansona 
wheat* On the other hand, triticales gave more straw, as they 
surpassed the wheats in height, leaf area and dry weight/plant. 
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Etchevexs and Moraghan (1978) studied at Chiliten 
(Chile) the effect of chlormequat (4 kg/ha) and nitrogen (56, 112 
and 224 kg/ha) on wheat (Chris) and triticale (Rosner) in two 
separate trials. They noted a significant increase in yields of 
wheat and triticale due to different nitrogen rates and ascribed 
the higher yields to increase in number of fertile ears/ha. It was 
noted that chlormequat alone increased wheat yield by 32.5^ and 
significantly increased the number of fertile spikelets/ear in 
case of triticale. Plant height of both the cultivars was reduced 
by chlormequat, but application of nitrogen progressively 
increased it. 
Gajrado et aj^ , (1978), working in Chile, applied nitrogen 
at the rate of 0, 45, 90 and 180 kg/ha to wheat (Marianela) and 
triticale (UCC6T). They observed that grain yield and all yield 
components, except grain number/spikelet, were increased by 
increasing nitrogen rates in case of wheat, whereas, the test 
weight was decreased. On the other hand, in case of triticale, 
ear number/plant and yield were increased by nitrogen application, 
whereas grain weight and test weight remained constant. In 
addition, they also measured the leaf area which they found to be 
positively related to yield, particularly at stage 8 of 
development on Feekes scale. Leaf area of both the cultivars was 
noted to increase with increasing nitrogen rates. Moreover, leaf 
area of wheat was more than that of triticale, except at stage 8. 
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Inam (1978), Inam et ^ . (1981) and Inam et ^ , (1985) 
observed the effect of nine combinations of NPK on the yield 
components of three triticale varieties, viz. Armadillo PPV 13, 
Armadillo T 15 and Badger PM 119,at Aligarh (Uttar Pradesh, 
India). They noted that yield and all yield components were 
significantly affected by nitrogen, ^120^60%0^^^® maximum 
values for most of the yield parameters which cumulatively 
increased the grain as well as straw yield of all the varieties 
tested. However, N|2oP60*%0 ^^^° proved equally good for grain 
and straw yields. Considering varieties, Armadillo PPV 13 gave 
maximum grain and straw yield as well as 1,000 grain weight, 
while, ears/plant and spikelets and grains/ear were maximum in 
Aitnadillo T 15 and highest weight and length of ears were given 
by Badger PM 119, 
Tahir (1978) considered the results of studies on three 
winter cereals (wheat, triticale and barley) grown at Islamabad 
(Pakistan) and reported that the average wheat yield in Pakistan 
was improved from 7,5 q/ha in 1965 to 13.9 q/ha in 1975, He found 
that highest yielding wheats (Layallpur 73 and Pothowar) gave 
46,7 and 63,9% more grain respectively with 60 kg N + 60 kg P/ha 
than with no fertiliser. However, 150 lb N/acre (168 kg N/ha) 
was found to be optimum and phosphorus was found to give best 
results when applied at the first irrigation, Triticale yielded 
the best, giving 40,9-46.9 q/ha, whereas the highest yields of 
wheat and barley were only 22,3-21,3 and 13,1-20,0 q/ha 
respectively. 
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Zatko (1978) observed at Piestany (Czechoslovakia) the 
effect of several cultural practices including varying nitrogen 
rates (80, tlO or 170 kg/ha) on the yield of triticale (No. 64), 
which was grown in all combinations with two preceding crops 
(silage maize and spring barley). He found that application of 
80-110 kg N/ha gave 2,3-3,9?^  higher grain yields than of 170 kg 
N/ha. 
Three triticales, eleven bread wheats and four durums 
were grown at CIMMYT (Mexico) at five nitrogen levels (O, 75, 
150, 225 and 300 kg/ha) to compare their nitrogen response 
curves. The three triticales responded better than the other 
varieties under conditions of nitrogen stress (O kg N/ha) and 
75 kg N/ha proved optimum for the grain yield (Anonymous, 1979a). 
Kalra and Dhiman (1979) conducted two field experiments 
at Meerut (Uttar Pradesh, India) during successive •rabi' (winter) 
seasons of 1973-74 and 1974-75 on triticale (ST 69-1) and wheat 
(Kalyansona), These experiments were conducted in rainfed 
conditions in a sandy loam soil, which was poor in N content 
(0.06^ total nitrogen), moderately poor in P2O5 and K2O (available 
PgOg 14 and 12 kg/ha; available KgO 75 and 50 kg/ha during first 
and second year respectively). Both the crops were fertilised with 
four nitrogen levels, viz. 0, 25, 50 and 75 kg N/ha, In addition, 
a uniform dose of P2O5 and K2O each at the rate of 25 kg/ha was 
applied. They observed that all the nitrogen rates equally 
increased the grain yield over control during 1973-74. However, 
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the next year (1974-75), 50 and 75 kg N/ha were found to increase 
the grain yield over 0 and 25 kg N/ha, Moreover, the yield 
difference between 0 and 25 kg N/ha was significant and that 
between 50 and 75 kg N/ha was not significant. They ascribed the 
difference in the nitrogen effect to the variation in amount of 
rainfall received during the two years of experimentation. 
According to them, the second year was a wet year due to which 
there was sufficient moisture in the soli, which increased the 
effect of nitrogen upto 50 kg N/ha. The effect of different 
nitrogen levels on yield characters was also found to follow the 
same trend as was found in case of grain yi61d itself. However, 
it was noteworthy that during the second year the number of 
fertile spikelets/ear was increased significantly with every 
increase in the nitrogen rate. Considering the varieties, grain 
yield of triticale was at par with that of wheat. According to 
them, the probable cause of this observation was the poor or no 
grain filling in triticale in the later foJfflied tillers. The number 
of fertile spikelet were more in triticale than in wheat during 
both the years and 1,000 grain weight of triticale was greater 
than that of wheat in the second year only. Regarding quality 
characters, a significant increase in protein content due to 
nitrogen application was found during 1973-74 only. The maximum 
protein content (14,2Spi) was given by 75 kg N/ha, which was 
equal to that given by 50 kg N/ha (14,12^), Moreover, 75 kg N/ha 
(equalled by 50 kg N/ha) gave significantly more grain protein 
than 0 or 25 kg N/ha, Total protein production (q/ha) showed the 
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same trend for both the years as was observed for grain protein 
content during the first year. On the other hand, grain lysine 
content decreased during both the years with the increasing 
nitrogen rates, the highest grain lysine contents (0.42 and 0.32% 
in first and second year respectively) being given by 0 nitrogen 
level. In this regard, they referred to the 1971 data of 
Srivastave, according to which the lysine content of the grain 
decreased with increasing nitrogen levels due to a simultaneous 
increase in non-essential amino acids. They further found that, 
regarding varieties, triticale produced significantly greater 
amount of protein/ha during both the years due to higher 
percentage of total proteins in the grain. They also noted that, 
because of higher lysine content, the grain protein of triticale 
was superior to that of wheat. 
Blshnoi and Mugwira (1980), working at Normal (Alabama, 
U.S.A.), studied the agronomic performance of two triticale 
strains (Beagle and Drira) as affected by three nitrogen rates, 
viz, 50, 100 and 200 kg N/ha in the form of two different sources, 
namely, sulphur coated urea (S.C.U.) and ammonium nitrate (NH^NO^) 
during field trials conducted in 1977-78 and 1978-79. The results 
indicated that plant height, grain yield and grain protein content 
were significantly affected by nitrogen rates and sources, but 
tiller number/plant and test weight were not significantly 
affected either by nitrogen rates or by sources. Nitrogen 
application, in either form, increased plant height of b o ^ the 
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cultivars between 50 and 100 kg N/ha only. On the other hand, 
increasing nitrogen rates, applied through either source, 
increased the grain yield of both the cultivars linearly, except 
in case of Beagle, where the yield was not increased betv/een 100 
and 200 kg N/ha while receiving NH4NO3, In addition, application 
of 100 kg N/ha to Drira and of 200 kg N/ha to Beagle as S.CU, 
gave higher yields of these varieties than those given by 
comparable nitrogen rates when the source was NH^NOjj otherwise, 
the same nitrogen rates, given as S,C,U, or NH^NOj, gave the same 
yields. Beagle yielded higher than Drira at 50 and 100 kg N/ha 
as S.C.U, or NH^NOj. Whereas, Drira outyielded Beagle only at 
200 kg N/ha, given as S.C.U. or NH^NOg. Moreover, protein content 
of both the varieties increased with increasing nitrogen rates in 
the case of S.C.U. However, NH4NO3 could increase the protein 
content of only Drira when nitrogen rate was increased from 100 to 
200 kg N/ha, Further, Drira had more protein than Beagle at 
100 kg N/ha as S.C.U, and at 200 kg N/ha as NH^NO^; otherwise, the 
same nitrogen rates, in case of both the sources and cultivars, 
gave no significant difference in the grain protein content. 
Interaction between nitrogen sources and rates and between 
cultivar and nitrogen rates was significant only for yield and 
grain protein content. Grain yield and protein content of Beagle 
had no correlation with each other, whereas there was strong 
correlation between the grain yield and protein content of Drira 
provided with S.C.U., but not NH^NOj. 
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Cherginets ^  aJL. (1980) conducted field trials during 
1976 and 1977 in Moscow (U.S.S.R.). They observed that 
application of 90 kg N (in two split dressings) + 90 kg P2O5 + 
90 kg KgO/ha or 180 kg N (in three dressings) + 120 kg PgO^ + 
90 kg K20/^^ increased the grain protein content from 13.:^ 
(without NPK) to 14,4 and 15,6^ respectively in triticale 
(Armadillo 206) and from 10.9% (without NPK) to 13.4 and 14.1?^  in 
winter wheat (Mironovska 808) in 1976. Whereas, next year, the 
same NPK dressings increased the protein content from 12,65^  
(without NPK) to 13,4 and 14,1% in triticale and from 9,9% 
(without NPK) to 10.4 and 11.7% in wheat. Further, they noted a 
decrease of 2-3% in albumin + globulin contents and similarly in 
gliadin and glutelin contents with the increase in protein 
contents in case of both the crops, 
Pino and Rodriguez (1980) conducted a field trial at 
Santiago (Chile) on two wheats (Marianella and Toquifen) and three 
triticales (Navojova, Fitsna 73 and Fitsna 67), applying five 
nitrogen rates (O, 64, 128, 192 or 256 kg/ha) plus 80 kg P20^ha 
with each nitrogen dose. It was noted that average increase in 
dry matter production was 49,8 and 56,8 q/ha in wheat and 
triticale respectively at 256 kg N/ha at which level wheat variety 
Marianella and triticale variety Navojova gave the highest yield. 
At 192 kg N/ha, triticale variety Fitsna 73 gave maximum grain. 
Wheat variety Toquifen and triticale variety Fitsna 67 gave 
highest yields between 128 and 192 kg N/ha. Grain protein content 
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was maximum in wheat at 256 kg N/ha and in triticale between 128 
and 192 kg N/ha, Nitrogen uptake efficiency was found to 
decrease with increasing nitrogen rates, being more in wheat than 
in triticaie, 
Pancholi and Bishnoi (1980), working at Normal (Alabama, 
U.S.A.), noted that in two years trials (191^ 8 and 1979) increase 
in nitrogen rates (40, 60, 80 or 100 kg/ha) Increased the plant 
height of two triticales, one wheat (Arthur) and one rye (Wrens 
Abbruzzi). Wheat variety Arthur and triticale variety AM 2149, 
gave significantly higher plant height at 100 kg N/ha than at 
40 and 60 kg N/ha, On the other hand, 80 kg N/ha proved best for 
grain yield, test v,reight and protein content of grain, but 
differences above 80 kg N/ha were not significant, 
Turbin et „ajL,. (1980) grew spring triticale (Mg) in 
Moscow (U.S.S.R,) with a mixture of red clover, lucerne hybrid, 
brome grass and meadow fescue at NPK rates calculated for the 
targeted grain yield of 30-60 q/ha. The highest average grain 
yield of triticale (60 to 130 q/ha) w^e achJ.eved with 100-120 
kg N + 402-412 kg PgO^ + 440-460 kg KjO/ha, whereas 120-140 kg N + 
412-424 kg ?2% **" 460-480 kg KgO/ha gave highest fresh fodder 
yield of triticale (573.9 q/ha). Moreover, the highest herbage 
yield of triticale (357,6 q/ha) was given by 80-90 kg N + 202-302 
kg PgOg + 400-420 kg KgO/ha. 
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Gajrado £t aj^ . (1981), at Santiago (Chile), applied 
0, 45, 90 or 180 kg N/ha to wheat variety Marianella and triticale 
variety VC-6T in split doses and found that increasing nitrogen 
rates increased the grain yield from 42,1 and 34,2 q/ha to 74,5 
and 57,9 q/ha in wheat and triticale respectively. In addition, 
leaf area at growth stage 11,2, on Feekes scale, was also increased 
by different nitrogen rates, whereas at stage 2, nitrogen 
increment had no effect. 
Ponce §t, al,, (1981) studied the effect of different 
methods of cultivation and NPK rates on two triticales (Caborca 
Tel 79 and Cananea Tel 79) in 1979-80 at Chapingo (Mexico), They 
applied nitrogen from 0 to 115 kg/ha, phosphorus from 0 to 76 kg 
PgO^ha and potassium from 0 to 57 kg K20/ha and observed that 
the grain yield ranged from 25,8 to 33,4 q/ha with the NPK rates 
of 88 kg N + 76 kg PgOg + 39 kg KgO/ha and 61 kg N + 28 kg PgOg + 
21 kg K20/ha respectively. However, neither different methods of 
cultivation nor NPK rates could affect the grain yields 
significantly, 
Dimitrov et ^ , (1982), at Sofia (Bulgaria), observed that 
120 kg N ••• 100 kg P2O5 + 100 kg KgO was the optimum fertiliser 
rate for triticale (No. 7291), although highest yields were 
recorded with 180 kg N + 140 kg PgOg + 140 kg KgO/ha, 
Farnworth and Said (1982) supplied triticale variety 
Beagle at Dhamar (Yemen Arab Republic) with 0, 50, 100, 150, 200 
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and 250 kg Vha in the form of urea* 50 kg PgCy'ha, as triple 
superphosphate, was applied alongwith each nitrogen dose. They 
noted that grain and total crop yield was increased with 
increasing nitrogen rates. 200 kg N/ha proved best for grain as 
well as for total crop yield (46,0 and 164,0 q/ha respectively), 
Kolev and Khristov (1983) dressed the soil in North-
eastern Bulgaria with 80-160 kg N, 60-120 kg P2O5 and 40-80 kg 
KgO/ha in three conbinations or with no fertiliser at all. They 
studied the effect of these fertiliser doses on yield and 
quality of three triticales (No, 7291, Polsko 7 and Ps hero 16) 
and one wheat check (Sodovo 1). It was found that triticale 
No« 7291 gave optimum yield of 69.4 q/ha with 120 kg N + 90 kg 
^ 2 % "^  ^ ^ ^^ K20/ha compared with that given by wheat (60 q/ha). 
Whereas, 80 kg N + 60 kg P2O5 + 40 kg K20/ha was optimum for 
Polsko 7 and Ps hero 16, giving 56,6 and 52,2 q/ha respectively 
compared with 54,7 q/ha of that given by wheat check. Moreover, 
in comparison with unfertilised control, 1,000 grain weight of 
triticale was decreased, but the grain protein content and 
protein yield/ha increased with higher fertiliser rates, 
Alvi (1984) studied at Migarh (Uttar Pradesh, India) 
the performance of four triticales (Armadillo PM 108, Aramadillo 
PPV 13, Bronco 90 and PC 202) in comparison with four wheats 
(HD 1982, HD 2009, K 68 and Sonalika) grown with a uniform basal 
fertiliser dressing of 120 kg N + 26 kg P + 26 kg K/ha 
^20^26^26^' Triticale variety Armadillo PM 108 yielded the 
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best (39.2 q/ha) among all the triticaies, outyielding even two 
of the wheat checks (K 68 and Sonalika). Whereas, wheat variety 
HD 1982 (equalled by HD 2009) yielded the best (46,1 q/ha) among 
ail the varieties tested, outyielding the best triticale 
(Armadillo PM 108) by 17.6^, However, Amiadilio BA 108 was at 
par with wheat variety HD 2009 in 1,000 grain weight and ear 
weight, and surpassed it in ear length and number of spikelets 
and grains/ear. It was also at par with W 1982 in grain number 
and 1,000 grain weight. 
In another trial, Alvi (1984) dressed the soil with 
nine possible combinations of nitrogen (100, 150 and 200 kg N/ha) 
and phosphorus (13, 26 and 39 kg P/ha) together with one control 
receiving no fertiliser. In addition, potassium was applied 
uniformly at the rate of 26 kg K/ha, Armadillo PM 108 and 
Bronco 90 were compared with HD 1982 wheat. He noted that 
treatment. ^200^26 P^^"^^^ optimum for most of the yield 
attributes, including grain yield (40,6 q/ha), which was 116^ 
more than in the control. Whereas, ^ 200^13 ^^^® highest value 
for grain protein content, v^ nich was at par with all other doses 
except N|QQP2^ and ^%QQP29' Moreover, it gave 8,7?^  more grain 
protein than control. However, ^ ^oo^26 ^ ^^^ maximum values for 
protein yleld/ha, giving 134.7% more grain protein yield than 
the control. In addition, increasing nitrogen doses decreased 
the lysine content while those of phosphorus had no effect. On 
the other hand, phosphorus increment affected the carbohydrate 
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content positively, vdth N^oo^39 ^^^^i^^®^ ^ Y ^50^39^ giving 
the maximum value (7.^ more than the control), whereas, 
carbohydrate content was decreased by the increasing nitrogen 
rates. Regarding varieties, Airaadillo PM 108 yielded 2 ^ raore 
than Bronco 9o, but gave only 80<,9^  of the yield of HD 1982 
wheat. However, Armadillo BS 108 surpassed the wheat check 
(HD 1982) in ear length, spikelet number, 1,000 grain weight and 
straw yield. Both the triticales proved superior to wheat in 
grain protein and lysine content. Moreover, grain protein 
content was maximum in Bronco 90, but this triticale was poorest 
in protein yield/ha. The maximum grain protein yield/ha as well 
as grain carbohydrate content was given by wheat, followed by 
Armadillo PM 108, On the other hand, the lysine per cent and 
lysine yield/ha was the best in Armadillo PM 108, giving 4.4 and 
20,^ more lysine content and lysine yield/ha than Bronco 90, 
and 40.5 and 25.0% higher values respectively than noted in 
wheat. With regard to interaction effects, it was noted that 
^^ 200^ 26 P^ *^ ®^*^  heBt for each variety for most of the yield and 
quality characteristics. 
Ashfaq et al, (1984) applied nitrogen at the rate of 
0, 50, 100, 150, 250 end 300 kg N/ha with a uniform dose of 25 kg 
P and 25 kg K/ha to each of triticale varieties Badger PM 118 and 
Bronco 90 at Aligarh (Uttar Pradesh, India). The effect of these 
nitrogen doses on eight yield characters, namely, number and 
weight of ears/plant; length, number of spikelets and grains/earj 
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1,000 grain weight and grain and straw yield/ha was observed. All 
the parameters were found to be significantly affected by 
different nitrogen rates. However, 150 kg N/ha gave optiMura 
values for most of the yield parameters. The grain yield given 
by 150, 200, 250 and 300 kg N/ha were at pax, while straw yield, 
which was maximum at 200 kg N/ha, was equalled by that at 300 kg 
N/ha. In case of varieties, Badger PM 118 proved best, giving 
9,9 and 13,1% more grain and straw than Bronco 90. 
Considering the entire review on basal application of 
NPK to triticale, it can be concluded that triticale response to 
increasing rates of NPK (especially to those of nitrogen) was 
positive with regard to yield as well as quality of the grain. 
Among various comparable rates of nitrogen, different triticale 
varieties responded best to 90 to 200 kg l^ha. More or less the 
same pattern was true for wheat and rye when they were grown with 
the same range of nitrogen application, 
2.4.2 Effect of sowing date 
The growth, development and productivity of a crop 
largely depends on the seasonal conditions of the growing area. 
Different species, and also different varieties of the same 
species, react in different ways to particular seasonal pattern, 
which manifests itself in the yield and quality of the crop 
species, Fisher (1967), working on different varieties of 
cereals and their time of sowing, viewed that the suitability of 
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a variety for an area depends on its maturity period and that if 
the maturity of a variety is not suitable for an area, or if the 
crop is not sown at the proper time, the yield is likely to be 
decreased. According to him, development of the, species too late 
in the season may even lead to death of the plant before full 
maturity because of the moisture stress in the final stages of 
growth caused by factors such as excessive vegetative growth, 
weed competition, high temperatures and diseases. In addition, 
plant development is further delayed due to Inadequate nutrition, 
water logging and prolonged low temperatures during the growing 
period, particularly when the late maturing varieties are sown 
late. On the other hand, early development of the plant like 
sowing of early maturing varieties too early in the season, also 
lowers the yield. This may be due to the unability of plant to 
make full use of the available moisture. Therefore, to achieve 
the full genetic potential of a variety, it is essential to sow 
it at the appropriate date according to the maturity period of 
the variety and the seasonal pattern of the area. 
The available references in connection with sowing date 
of triticale at various locations in different agro-climatic 
conditions are reviewed below. 
Larter et ^ . (t971), in the field trials of 1968 and 
1969 undertaken in Manitoba (Canada), investigated the comparative 
agronomic performance of triticale (Rosner) and wflieat (Manitou) 
with regard to different sowing dates. In 1968, the crop was sown 
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on 19 April, 3 May, 22 May and 31 May. Whereas in 1969, it was 
sown on 21 April, 8 May, 20 May and 30 May, They found that 
earliest sowing dates of both the years (19 and 21 April in 1968 
and 1969 respectively) gave the best grain yields in case of 
both triticale and wheat, being 32,08 and 21,01 q/ha for 
triticaie and 23.82 and 15,78 q/ha for wheat in 1968 and 1969 
respectively. However, yields of both the crops were decreased 
gradually on later sowing dates and this effect was more 
pronounced in triticale than in wheat* On the first and second 
date, the average grain yield of two years of triticale was 34,0 
and 24.25^ higher respectively than that of wheat; but, on the 
third date, both the crops yielded equally, giving 16,8 q/ha. 
Whereas on the fourth date, wheat outyielded the triticale by 
5,0^, Further, in 1968, the yield reduction of triticale between 
first and last date was 47% as compared wit;W'34^ that of wheat, 
IVhile in 1969, the reduction between the yields of first and last 
date was 59 and 2S^ in triticale and wheat respectively. In 
addition, when triticale was sown in the second week of May, the 
long term average sowing date for wheat in Manitoba (Canada), 
the yield potential of triticale in relation to vrfieat was greatly 
reduced. Moreover, it was noted that response of triticale to 
temperature was more than that of wheat at seedling stage. At 
this stage, high temperature decreased the tiller initiation in 
triticaie. On the other hand, low temperature during seedling 
stage promoted more tiller initiation in wheat than in triticale 
when grown in the same field. 
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Martin and Maur (1974) of Nuevo Leon (Mexico) tested 
60 hexaploid and octaploid lines of triticaies received from 
CIMMYT (Mexico) and observed that optimum sowing date varied with 
different lines, but early November appeared to be the best 
sowing date for Mexico, 
Mazurek and Mazurek (1974), in the trials conducted 
during 1968-70 at Pulawy (Poland), studied agronomic performance 
of triticale (Rosner) and wheat (Ostka Populaxma) with regard to 
three sowing dates,viz, early spring, late spring and late autumn. 
They observed that triticale yields, given by early spring and 
late spring sowings, were 19.3 and 21,3 q/ha respectively in 1969j 
whereas, in 1969-70, they were 39.3,.32,6 and 28.4 q/ha when 
sowing was done in late autumn, early spring and late spring 
respectively. 
Ali and Rajput (1977) conducted a field experiment at 
Pantnagar (Uttar Pradesh, India) during 1974-75 on four sowing 
dates (20 October, 4 November, 19 November and 4 December) to 
study the performance of different triticale lines (Armadillo 
PM 113, 308, 312 and Armadillo PPV 13) in comparison with 
standard wheat checks (UP 310 and Sonalika), However, one of the 
wflieat checks (UP 310) was not included in 20 October sowing. They 
studied that different sowing dates significantly affected the 
grain yield. The maximum average yield (35,8 q/ha) was given by 
4 November sowing, but was decreased gradually when sowing was 
done later. Moreover, 4 November sowing gave 15,9% higher 
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average yield than that given by 4 December sowing, whereas those 
given by 20 October and 19 November were at par with that of 
4 November sowing. Regarding varieties, Armadillo PtA 312 proved 
best, giving 11,9% more grain than UP 310 (wheat check). While 
other triticale varieties, except Armadillo PPV 13, and wheat 
check Sonalika were at par with Armadillo PM 312 and also amongst 
themselves. Regarding interaction effects, all the triticale 
varieties gave maximum yields in 4 November sowing, except 
Aimadillo PM 308, which yielded best on 20 October sowing. Wheat 
variety UP 310 gave no response to different sowing dates. 
However, the other wheat (Sonalika) gave maximum yield in 
19 November sowing. It was noted that on early dates (20 October 
and 4 November), all the triticales, except Armadillo PPV 13, 
produced more grain than both the standard wheat checks, but on 
later dates (19 November and 4 December) wheat variety Sonalika 
gave more yield than any of the triticales. On the basis of this 
data, they concluded that triticale varieties Armadillo PM 308, 
312 and 113, because of their better performance than wheat when 
sown early, could be well grown in dryland areas, where early 
sowing of *rabi' (winter season) crops is preferred due to 
progressive loss of residual moisture with late sowing. 
Kovac and Dolezal (1977) conducted a field trial on 
triticale (K 64) in 1972 in maize growing region of Nitra 
(Czechoslovakia), They dressed the soil with adequate NPK and 
sowed the seeds on three dates, viz, 9 October, 23 October and 
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7 November. They observed that delay in sowing after 9 October 
decreased the grain yield from 47.4 q/ha (9 October) to 42.6 q/ha 
and 20.7 q/ha (23 October and 7 November) sowings respectively. 
The two later dates also gave lo'ver valuers for number of plants 
and ears/m . However, the last sowing date (7 November) gave 
more number and weight of grains/ear, 1»000 grain weight, ear 
length and number of spikelets/ear than 9 October sowing, 
Sharma gjb ji., (1977) recorded a gradual decrease at 
Pantnagar (Uttar Pradesh, India) in grain yield of four triticale 
lines and two wheat varieties with delay in sowing on four dates 
from 27 October to 14 December, 
Dogra (1978) studied the relative perfoiroance of four 
triticale lines and one wheat strain (Shailaja) under midhill 
conditions of Palanpur (Himachal Pradesh, India), They reported 
that the grain yield of all the varieties tested were higher with 
19 November sowing than those with 30 October or 9 December 
sowings. Further, the triticale lines UPT 7361 and UPT 72142 
gave highest grain yields. In addition, triticale lines gave 
higher grain protein content and straw N content than wheat. 
Inam (1978) and Inam £i Ji.. (1979) studied at Aligarh 
(Uttar Pradesh, India) the effect of four sowing dates 
(20 October, 5 November, 20 November and 5 December) on the 
yielding ability of three triticale varieties (Armadillo PPV 13, 
Armadillo T 15 and Badger PM 119), All the varieties tested were 
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found to respond best to 5 November sowing, giving maximum values 
for most of the yield attributes, including grain yield 
(40.6 q/ha). On the other hand, the last sowing date (5 December) 
gave the poorest results, the average yield being only 13,3 q/ha. 
Regarding varieties, Armadillo PPV 13 proved best, and all the 
varieties gave maximum values with 5 November sowing compared 
with 5 December or 20 October sowing on which all the three 
triticales showed poor response. 
Abbas (1980) chose six sowing dates (25 October, 
10 November, 25 November, 10 December, 25 December and 10 January) 
to study the agronomic performance of four triticale varieties, 
viz. UPT 72142, UPT 72152, TL 174 and Badger PM 118 at Aiigarh 
(Uttar Pradesh, India), In this study, 10 November sowing was 
found best for grain yield (48.2 q/ha), followed by 25 October 
sowing (37,0 q/ha). On later sowing dates (25 November onwards), 
there was a gradual decrease in yield. Moreover, UPT 72142 
(equalled by UPT 72152) proved best, 10 November sowing gave 
best values for all the varieties tested, and 10 November x 
Badger PM 118 and 10 November x UPT 72142 interactions proved 
most effective for grain yield, 
Makki et ^ . (1980) conducted a field trial at Riyadh 
(Saudi Arabia) to study the effect of different sowing dates on 
grain yield of triticale (Beaver *S' I-E), Sowing between 15 and 
30 November was found to give the optimum grain yield. 
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Mosconi and Rossi (1981) compared triticale (Mizar) 
with two durum wheats (Tito and Creso) and two bread wheats 
(Marsotto and Orso) with regard to four sowing dates between 
21 November and 5 February at Rome (Italy), They noted that 
5 December sowing gave maximum yields of triticale (80,3 q/ha) 
and bread wheats (73.9 q/ha), whereas sowing on 11 January 
proved best for durum wheats (57.1 q/ha grain). 
It is, thus, evident from the above brief review on 
sowing date that November sowings generally proved best for 
triticale performance in India. Most of the work done in this 
regard revealed that sowing within the first fortnight of 
November was most beneficial for triticale production in Ind|,a, 
2,4.3 Effect of seeding rate 
According to Donald (1963), attainment of the maximum 
seed yield per unit area is the result of the interaction of 
competition within the plants (intra-plant competition) on the 
one hand, and competition among the plants (inter-plant 
ccxnpetition) on the other. This is because most crop plants 
have the inherent capacity, on the one hand, to exploit a more 
favourable environment provided by wide spacing (thin plant 
density) and, on the other, to survive and produce in restricted 
habitat due to packed spacing (thick plant density). In case of 
intra-plant competition, under wide spacing, there is no 
competition among the plants during early or vegetative growth of 
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the plants for water, light and nutrients. Therefore, flower 
primordia are laid down by each plant in large number, but at 
flowering, when seed setting occurs, the load of inflorescence 
is too great to set the competition among the inflorescences 
themselves and, thereby, to reduce the efficiency of seed 
production in the individual inflorescence. This reduces the 
number of seeds per inflorescence. The seed size is also 
reduced in comparison with that attained by plants growing in 
an ideal population. In contrast, inter-plant competition starts 
in a dense population at an early stage of growth, resulting in 
an iiranediate reduction in growth rate. This competition 
increases progressively with the age of the plants. Therefore, 
the plants belonging even to normal field spacing, are smaller, 
have fewer stems and leaves, fewer inflorescences and fewer 
seeds than the widely spaced plants. This loss of vigour of 
plants in a thickly populated crop is clearly undesirable 
although it may be compensated at times by the increase in 
number of plants per unit area. 
To sum up, it is essential for profitable crop 
production to determine the most suitable plant density under a 
particular agro«>climate so as to reduce the intra- as well as 
inter-plant competition to a point that ensures maximum yield 
and quality of the crop. Farm scientists have reccxnamended 
different seeding rates for a number of triticales as a result 
of field trials conducted in various parts of this country as well 
as abroad. The relevant references are si.Bnmarised below. 
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Kiss (1968), while studying the morphological, 
physiological and agronomic features of different triticale 
varieties in Hungary, claimed that 95-105 kg seed/cad hold 
(i.e. 166,7-184,2 kg seed/ha) was the optimum seeding rate for 
triticale in Hungary, 
Edwards ^  ^ # (1971) conducted two separate small plot 
trials on several triticale varieties in U.S.A., one at Brown 
Loam Station at Raymond and the other at the State College, 
Mississippi, At the former, seeds were sown at the rate of 50 
lb/acre (56 kg/ha), while at the latter site, the seeding rate 
was 65 lb/acre (72.8 kg/ha). They noted that, although only a 
fair stand of plants was obtained at Raymond, the plants produced 
adequate tillers for grain production. However, it appeared that 
50 lb seed/acre (56 kg seed/ha) was not adequate for maximum 
production. On the other hand, a good stand of plants was 
obtained at the other site. However, the higher seed rate 
resulted in inadequate tillering. The four varieties tested did 
not differ significantly in the yield at either location. It is, 
however, intriguing that they also failed to note significant 
differences in grain yield when the seed rate was increased from 
50 to 100 or 150 lb/acre (i.e. from 56 to 112 or 168 kg seed/ha 
respectively) in another study conducted at Raymond. 
Larter et ^ . (1971) conducted two successive 
experiments at Winnipeg (Canada) in 1969 and 1970 respectively 
to Investigate the effect of eight seeding ratesy viz» 25, 50, 75, 
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100, 125, 150, 175 and 200 kg/ha on yield and quality of 
triticale (Rosner) and wheat (Manitou), They noted that two 
year average grain yield of triticale was 23,•'^  more than that 
of wheat. Highest average grain yield of triticale (27,5 q/ha) 
was obtained at 100 kg seed/haj and the yields given by rates 
above 100 kg/ha were not significantly different from that 
obtained at 100 kg seed/ha. However, the highest average grain 
yield of wheat was given by two lower rates, viz. 25 and 50 kg/ha, 
giving 23,2 and 23,6 q/ha respectively. Moreover, the average 
grain yield of wheat was significantly decreased with 100 kg 
seed/ha and above. On this basis, they claimed that the already 
recommended seed rate of wheat (68 to 102 kg/ha) for the area 
(Western Canada) was satisfactory, leaving a margin of safety, if 
applied even in adverse field conditions. Further, they argued 
that 100 kg seed/ha proved optimum for triticale because of large 
sized grain. Moreover, they recorded that 1,000 grain weight of 
both the crops was decreased with increasing seeding rates, with 
25 kg seed/ha giving the maximum value (39,1 g). However,grain 
protein content was unaffected by different seeding rates, 
Dziamba (1976) applied 100, 140, 180 or 220 kg seed/ha 
to compare the average grain yields of one triticale (C 4), two 
wheats (Exa Nowa and 01za) and one rye (Dankowski Zlote) at 
Quilampu (Chile), in trials conducted during 1970-1973, He noted 
that triticale (with 19,0 and 23,0 q grain/ha) was outyielded by 
the two wheats Exa Nowa and 01za (with 27,0 and 25,0 q grain/ha 
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respectively) and rye Dankowski Zlote (with 37.0 q grain/ha). He 
referred to an earlier study resulting in similar trend in yields 
when rye and wheat were sown at 180 kg seed/ha with early or late 
sowing dates. However, the trend for 1,000 grain weight v/as 
different, with triticale giving the maximum value (47.0 g). In 
addition, grain protein content of triticale C 4, wheats 
Exa Nowa and Olza and rye Dankowski Slote was 15,4, 11.4, 11.3 
and 10,2?6 respectively , 
Mellado (1977) conducted field trials at Quilmpu 
(Chile) on triticale line S-xSOS-eigM-OY-SB-ON and wheat variety 
Mexifen, He noted that an increase in seed rate from 80 to 200 
kg/ha increased the yield of triticale from 29.5 to 38,7 q/ha and 
of wheat from 32.9 to 36.2 q/ha. Moreover, the same seeding rate 
2 increased the number of ears/m from 284 to 398 in triticale and 
from 440 to 531 in wheat. 
Sharma et j^,. (1977) found at Paataagar (Uttar Pradesh, 
India) that the grain yields of four triticales and two wheats 
were significantly increased with a seeding rate of 100 kg/ha 
over 50 kg/ha. However, further increase in yield with 150 kg 
seed/ha was not significant. 
Dhiman and Kalra (1978) studied the response of 
triticale to different seeding rates under rainfed conditions 
at Hissar (Haryana, India). They obtained higher grain yields 
of triticale with 100 and 125 kg seed/ha (which yielded 20,1 and 
20,9 q/ha respectively) than with 75 kg/ha (17.6 q/ha). 
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Gebre-Mariam and Larter (1979) investigated at Winnipeg 
(Canada) the effect of plant density and location on yield, yield 
ccxnponents and quality of wheat variety Glenlea and three 
varieties of triticale, namely, Rosner (of Canadian origin), 
70HN 458 (an Armadillo strain from CIMMYT, Mexico) and 6TA 204 
(from California), Field trials were conducted in 1973 on three 
different locations, viz. Winnipeg, Swift Current and 
Saskatchewan. The plant densities were 140, 280 and 420 plants/m 
(seeding rates of approximately 70, 140 and 210 kg/ha 
respectively). Number of fertile ears/plant, nuanber of 
grains/ear, 1,000 grain weight, grain yield, grain protein 
content and lysine content of grain protein were the yield and 
quality characters tested. They observed that the four cultivars 
behaved differently at various locations resulting in a 
significant cultivar x location interaction for each parameter 
investigated. 1,000 grain weight, grain number/ear and number 
of fertile ears/plant were significantly affected by different 
plant densities, which, however, had no effect on grain yield, 
protein content and lysine content of grain protein. The variety x 
density interactions were highly significant only for yield and 
1,000 grain weight. Considering yield, it was found that wheat 
yielded significantly more than ail the three triticales. 
However, Armadillo strain yielded significantly higher than the 
other triticales. Moreover, the lowest plant density 
(140 plants/m ) gave significantly higher grain yield of wheat 
than the two higher densities. Among the triticales. Armadillo 
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strain gave higher yield with increased plant densities, the 
yield at 420 plants/m being significantly higher than at 
140 plants/m^. Conversely, Rosner and 6TA 204 were not affected 
by plant densities, when density means over all locations were 
considered. In addition, 6TA 204 showed varying response in 
each of the three environments. Thus, they concluded that the 
effect of plant density on grain yield of wheat and triticale 
depended on the effect both of genotype and environment, and 
that an optimum cultivar-density level must be maintained for 
maximum productivity under a particular environmnental 
conditions. Regarding yield components, the average number of 
fertile spikelets/plant ranged from 2,0 for triticale (6TA 204) 
to 2.4 for wheat. However, number of tillers were maximum in 
wheat. The number of fertile ears were significantly decreased 
with increasing plant density in all the varieties. The average 
number of grains/ear was highest in 6TA 204 (40,6 grains/ear) 
compared with that in wheat (30.2 grains/ear). In case of 
Armadillo strain, the average number of grains/ear was 28.0, 
which was significantly decreased with increasing plant density, 
which did not affect it in wheat. Average grain weights were 
linearly reduced with increased plant density. Moreover, there 
was a significant interaction of cultivar x density for 1,000 
grain weight. Like grain yield, the other yield characteristics 
also behaved differently at different locations due to difference 
of environment. The average grain protein content of the four 
varieties ranged from 15.0% for ^TA 204 to 15,9 and 16,(|6 for 
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wheat and Rosner respectively, A greater range of protein 
content was recorded due to the location effect. Thus, the 
average grain protein content at Swift Current was significantly 
higher (17.^) than that at either of the remaining locations. 
However, plant density did not affect the overall mean protein 
percentage. Lysine content ranged from 2,7J6 for wheat to 3 , ^ 
for 6TA 204, Of course, all the triticales were significantly 
higher in lysine content than the wheat. However, there was no 
influence of plant density on lysine percentage of grain protein. 
Abbas (1980) and Abbas e^ ^ # (1983b) tested seven 
seeding rates, viz, 50, 75, 100, 125, 150, 175 and 200 kg/ha with 
three triticale varieties, namely, UPT 7438, UPT 7448 and Badger 
PM 118 at Aligarh (Uttar Pradesh, India), Of these, 125 kg 
seed/ha, equalled by 75 and 100 kg seed/ha, was found to give 
maximum grain yield of 48,7 q/ha. At higher seeding rates (above 
125 kg/ha) the grain yields were decreased gradually, with 41,7 
q/ha being obtained by the highest seeding rate (200 kg/ha). 
Considering the varieties, the highest grain yield of 48.7 q/ha 
was given by UPT 7438, which yielded 9.3 and 15,5plS more than 
Badger PM 118 and UPT 7448 respectively. Whereas, the maximum 
straw yield was given by 175 kg seed/ha, with UPT 7448 giving the 
highest value (147,4 q/ha). On the basis of the above results, 
it was concluded that UPT 7438 and Bager PM 118 grown with 75 kg 
seed/ha might be recommended for cultivation under local 
conditions. 
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Bishnoi (1980) observed the effect of different seeding 
rates and row spacings at Normal (Alabama, U.S.A.) on grain 
production of triticaie (6TA 131), wheat (Arthur 71) and rye 
(Wrenze Abruzzi), 75 and 100 kg/ha were found to be the optimum 
seeding rates for grain and fodder production respectively by 
triticaie when sown with 12.5 cm row spacing. However, in case 
of wheat and rye, only 50 kg seed/ha was adequate for maximum 
grain production,but 75 and 100 kg seed/ha gave maximum fodder 
for wheat and rye respectively. 
Bishnoi and Nwigwe (1980), at Normal (Alabama, U.S.A.), 
observed the effect of three seeding rates (50, 75 and 100 kg/ha) 
and three row spacings (22.5, 27.5 and 37,5 cm) on agronomic 
characters of three triticaie varieties with different heights, 
viz. 6TA 522 (tall), Council (inteimediate) and AM 3805 (short). 
The grain yields of different varieties were found to increase 
significantly with increasing seeding rates, with 6TA 522 
producing the highest yield among all the varieties tested. It 
was noted that plant height was reduced with increasing seeding 
rates. 
Alvi (1984) conducted a field experiment in 1980-81 at 
Aligarh (Uttar Pradesh, India) on two triticaie varieties, viz. 
Armadillo PM 108 and Bronco 90,along with one wheat check HD 1982 
to investigate their optimum seeding rate among 50, 100, 150 and 
200 kg/ha on the basis of grain yield and quality. He observed a 
linear decrease with increasing seeding rates in all yield 
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attributes, except grain and straw yields. Increasing the 
seeding rate from 50 to tOO kg/ha showed significant increase 
{^2^0>) in grain yield. While at 150 kg seed/ha, the value was 
at par with that obtained with 100 kg seed/ha, but was reduced 
by 6.2% at 200 kg/ha as compared with that at 100 kg/ha. The 
effect on straw yield was, however, linear upto the highest rate 
(200 kg/ha). In contrast, the grain protein and carbohydrate 
contents as well as lysine content of grain protein were not 
affected significantly by different seeding rates. The per hectare 
yield values for protein and lysine at 100 and 150 kg seed/ha 
appeared to be maximum only due to the optimum grain production 
at these rates. Considering the varieties, Armadillo PM 108 gave 
more yield than Bronco 90, but yielded 90.T% of wheat. Straw 
yield was more in triticales than in wheats, Bronco 90 giving the 
maximum value. Further, triticales were also superior to wheat 
in grain protein content, lysine content and lysine yield/ha. 
However, Armadillo PM 108 proved at par with wheat in protein 
yield/ha. 
It is, therefore, evident that the effect of seeding 
rate on triticale performance was positive from 75 to 200 kg 
seed/ha in different parts of the globe. However, in our 
country, the optimum performance of triticale was recorded upto 
125 kg seed/ha. 
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2.5 Concluding remarks 
Taking the entire review into consideration, it is 
evident that,although triticale may prove to be an important 
crop due to its better nutritive value and promising yields, in 
India much research is still left to be done. The work with 
regard to the adaptation of newly evolved varieties is very 
meagre. Most of the triticale varieties seem to be suitable 
to the Indian climate, but their fertiliser requirements, proper 
sowing dates and seeding rates should first of all be 
investigated in different agro-climatic regions of the country. 
However, the present review may provide guidelines in this 
connection which may be utilised to make triticale cultivation 
popular and commercially attractive in this country. 
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CHAPTER - 3 
MATERIALS AND METHODS 
The present study deals with the adaptability of 
triticale in comparison with its parents to the agro-climatic 
conditions of Aligarh, Western Uttar Pradesh. The aim of the 
four field experiments perfoimed between 1982-83 and 1984-85 was 
to determine the most suitable sowing date and seeding rate as 
well as optimum basal fertiliser requirement of available new 
varieties so as to exploit the full genetic potential by way of 
maximum grain production of highest quality. The details of 
each experiment^ along with the prevailing agro-climatic conditions, 
varieties used and experimental procedures adopted, are given 
below, 
3.1 Agro-climatic conditions 
Aligarh is situated at 27*^  53'N latitude, Te** 4«E 
longitude and 187,45 m in altitude. It has semi-arid and 
sub-tropical climate with hot dry summers and cold winters, the 
characteristic climate of Western Uttar Pradesh, The winter 
starts from the middle of October and extends to the end of 
March, with December and January being the coldest months. The 
mean temperature for December and January is about 15,0**C and 
13.0®C, with an extreme minimum record of 2,0*^ 0 and 0.5**C 
respectively. Frost does not occur frequently and is not 
intense. During summer, the average temperature for hottest 
: 59 : 
months, I.e. May and June, is 34.0 and 34,5**C, with an extreme 
maximum record of 45,0 and 45,5^C respectively. The annual 
rainfall of Aligarh district is 847,3 mm. More than 8% of the 
total rainfall of the year occurs during June-September and 
about lops occurs in winter. The meterological data in connection 
with the weekly variations in temperature, relative humidity and 
rainfall during the period of the present study are presented in 
Figs, 1 and 2 (by the courtesy of Meteorological Observatory, 
Department of Physics, Aligarh Muslim University, Aligarh), 
3.2 Soil characteristics 
Random soil samples were collected before starting 
each experiment at a depth of about 10-15 cm. Composite samples 
were prepared by mixing them all. These composite samples were 
analysed for testing their physico-chemical characteristics in 
the Soil Chemistry Laboratory of the Indian Agricultural Research 
Institute (I,A,R,I,), New Delhi, The relevant data for each 
field experiment are given in Table 1, 
3.3 Field preparation 
The field was thoroughly ploughed to ensure maximum soil 
aeration and complete removal of weeds befoj^ e undertaking each 
experiment. Standard agro-techniques, recommended for cultivation 
of cereals, were employed for preparing a well-levelled and 
weed-free field with the required number of experimental plots, A 
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A light irrigation was given before sowing to maintain proper 
moisture content in the sub-surface of the soil. Before sowing, 
each plot was dressed with a pre-scheduled fertiliser dose by 
broadcast method. The details of the experiments conducted are 
given below, 
3.4 Field experiments 
In all, four field experiments were conducted during 
the rabi (winter) season of t982-85 at the Agricultural Farm of 
Aligarh Muslim University, Aligarh, Details of each trial, with 
regard to materials and methods, are given below. 
3.4.1 Experiment 1 
The first field experiment was conducted during the 
rabi season of 1982-83. This was a preliminary varietal trial 
on eight tritlcale varieties. Five of them, acclaimed to be the 
latest evolved, were obtained from CIMjyiVT (Mexico), Two already 
tested high yielding varieties were procured from G.B.P, Univer-
sity of Agriculture and Technology, Pantnagar (U«P,) and the last 
from the Punjab Agriculture University, Ludhiana (Punjab), The 
perental forms, wheat and rye, were obtained from the Government 
Agricultural Farm, Aligarh and I,A,R.I,, New Delhi respectively 
(Table 2). The aim of this experiment was to compare the 
performance of the eight triticale cultivars with that of HD 1982 
wheat and Russian Rye so as to select the superior ones among 
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them on the basis of their adaptability to local conditions 
judged by population count (number of plants/sq m), a measure of 
gerrainability and early survival, growth characteristics and 
leaf-NPK content, an index of fertiliser uptake and utilisation 
and yield and quality attributes, being the ultimate concern of 
both the cultivator and consumer. 
The experiment was conducted according to simple 
randomised block design. Plot size was 4 , 0 m x 2 . 5 m ( 1 0 m ) 
with 10 rows in each plot at a uniform spacing of 20 cm. There 
were three replications. In all, the number of plots was 30 
(10 varieties x 3 replicates). An adequate basal fertiliser 
dressing (established to be optimum for triticale and wheat 
earlier at Aligarh) of 150 kg N, 30 kg P and 30 kg K/ha was 
applied uniformly to all the plots in the form of urea, 
mono-calcium superphosphate and muriate of potash respectively. 
The sowing was done uniformly on 10 November, 1982 at the rate of 
50 kg seed/ha (due to the very limited quantity of seeds of the 
CIMMYT varieties). The crop was irrigated five times and weeded 
twice. Growth characteristics and leaf-NPK contents were studied 
at tillering, heading and milky grain stages. The crop was 
harvested on different dates according to the maturity of 
individual varieties. Thus, wheat and TL 419 were harvested on 
10 April; Tigre "S", Juppa "S", Delfin and Badger PM 118, on 
13 April} Muskox "S" and Bronco 90, on 16 April; and rye, on 
20 April, 1983, 
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3.4,2 Experiment 2 
The second experiment was performed in the 'rabi' 
season of 1983-84 on four triticales (XL 419, Tigre "S", 
Muskox "S" and Delfin), selected on the basis of the data of 
Experiment 1, along with the same wheat and rye checks. The aim 
of the experiment was to determine the optimum sowing date for 
these better yielding triticales under local conditions^(fable 3), 
The design of the experiment was factorial randomized 
80 as to extract maximum information without sacrificing 
accuracy. Plot size, number of rows in each plot and spacing 
between rows were kept the same as in Experiment 1, The basal 
fertiliser dose and also sources of N, P and K were the same as 
in Experiment 1, Seeds were sown on four dates, viz, 25 October, 
10 November, 25 November and 10 December, 1983, at the rate of 
100 kg seed/ha (usual seeding rate for the area for wheat). Thus, 
the total number of plots required for the experiment was 72 
(6 varieties x 4 sowing dates x 3 replicates). Irrigation and 
weeding of the crop was done in each treatment as and when 
required depending upon its date of sowing. 
Growth characteristics and leaf-NPK contents were 
recorded at tillering, heading and milky grain stages of growth. 
Different varieties were harvested on varying dates due to slight 
difference in their maturity periods. Wheat and TL 419 were 
harvested on 5 April, 10 April, 12 April and 14 April; Tigre "S" 
and Delfin were harvested on 8 April, 12 April, 16 April and 
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17 April; Muskox "S" on 14 April, 16 April, 17 April and 18 April; 
and rye, on 18 April, 20 April, 25 April and 27 April, 1983, 
respectively in accordance with the four sowing dates, 
3.4.3 Experiment 3 
The third experiment was conducted simultaneously with 
Experiment 2 in the »rabi' season of 1983-84. The same four 
selected triticales (TL 419, Tigre "S", Muskox "S" and Delfin) 
were included along with the same wheat and rye checks. The aim 
of the experiment was to determine the most suitable seeding rate 
for these triticales under local conditions (Table 4), , 
The design of this experiment was also factorial 
randomised. Plot size, number of rows in each plot, spacing 
between the rows and fertiliser doses and sources were the same 
as in Experiments 1 and 2, The total number of plots required 
was 90 (6 varieties x 5 seeding rates x 3 replicates). Seeds 
were sown on 10 November, 1983, on the basis of earlier trials 
at the rate of 50, 75, 100, 125 and 150 kg/ha. Irrigation, and 
weeding, of the crop was done as and when required. Growth 
characteristics and leaf-NPK contents were studied at tillering, 
heading and milky grain stages of growth. Harvesting of 
different varieties was done according to their maturity. Thus, 
wheat and TL 419 were harvested on 10 April; Tigre "S" and 
Delfin, on 12 April; Muskox "S", on 16 April; and rye, on 
20 April, 1984, 
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3.4.4 Experiroent 4 
This last experiment was performed during the *rabi' 
season of 1984-85 on the same four selected triticales (TL 419, 
Tigre "S", Muskox "S" and Delfin) as in Experiments 3 and 4 
together with the same wheat and rye checks. The aim of the 
experiment was to work out the optimum basal fertiliser 
requirement of these varieties under local conditions on the 
basis of the same parameters as selected in Experiment 1 with 
additional estimation of leaf nitrate reductase activity. 
The design of the experiment was factorial randomised. 
Plot size, nianber of rows in each plot and spacing between rows 
were the same as in the previous three experiments. In all, 
162 plots were required (6 varieties x 9 fertiliser doses x 
3 replicates). Nine possible ccmibinations of fertiliser with 
doses each of nitrogen (150, 200 and 250 kg N/ha) and phosphorus 
(30, 40 and 50 kg P/ha) were applied. In addition, 30 kg K/ha 
was applied uniformly to each plot (Table 5). Sowing was done 
on 10 November (optimum sowing date selected from the data of 
Experiment 2 that confirmed earlier observations). Seed rate 
was 125 kg/ha (optimum seeding rate recorded in Experiment 3), 
Crop was irrigated five times and weeded twice at appropriate 
time. Growth characteristics, leaf-NPK contents and NRA in 
leaves were studied at tillering, heading and milky grain stages. 
Crop was harvested on 10 April (wheat and TL 419), 12 April 
(Tigre "S» and Delfin), 16 April (Muskox "S«) and 20 April (rye) 
as the individual varieties matured on different dates. 
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3.5 Population count 
o 
The number of plants/m was recorded in all the 
experiments conducted when the crop was one month old. Plants 
were counted by placing a quadrat measuring 1 m randomly in 
three different areas in each plot and counting the plants 
inside the quadrat. 
3.6 Sampling technique 
Random selection of three plants from each plot was 
done at tillering, heading and milky grain stages of crop 
development to determine the growth characteristics and leaf-NPK 
contents in all the experiments. Leaf NRA was also determined 
in Experiment 4. All the yield characteristics, including grain 
and straw yield, were studied at harvest, whereas grain quality 
was determined in stored seeds, 
3*6.1 Growth characteristics 
The performance of each cultivars was judged on the 
basis of its growth and development in each experiment. The 
following growth characteristics were selected and studied at 
tillering, heading and milky grain stages, 
(i) Shoot length/plant 
(ii) Tiller number/plant 
(iii) Leaf number/piant 
J 66 J 
(iv) Shoot fresh weight/plant 
(v) Shoot dry weight/plant 
3.6.2 Leaf-NPK contents 
Nitrogen^ phosphorus and potassium contents were 
estimated on dry weight basis in the oven-dried ieaves of plants 
collected randomly from each plot at all the three stages of 
growth. 
3.6.3 Yield characteristics 
The following yield characteristics were recorded at 
harvest for the assessment of the yielding ability of each 
variety, 
(i) Ear number/plant 
(ii) Ear weight/plant(g) 
(iii) Length/ear(cm) 
(iv) Spikelet number/ear 
(v) Grain number/ear 
(vi) 1,000 grain weight(g) 
(vii) Grain yield(q/ha) 
(viii) Straw yield(q/ha) 
(ix) Harvest index (%) 
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3,6.3.1 Grain and straw yield 
The crop was harvested at maturity. Threshing of the 
entire produce of separate plots was done after drying it for 
2-3 days in the sun. The weight of the grain and straw obtained 
in each 10 sq m plot was determined and yields, in terms of q/ha, 
calculated by computing them accordingly. 
3,6,4 Quality characteristics 
The powdered sanples of the grain were analysed for 
the following grain quality characteristics, 
(i) Total content of the grain proteinic) 
(ii) Total grain protein yield(q/ha) 
(iii) Total content of the grain carbohydrate(56) 
(iv) Total grain carbohydrate yield(q/ha) 
3,7 Chemical analysis 
Powdered samples of dried leaves of sample plants, 
collected at each growth stage, were chenically analysed for 
determining the NPK status of the crop, and those of grain at 
harvest to estimate the quality of the grain, 
3,7,1 N, P and K contents of leaf 
Three randomly chosen plants from each plot were dried 
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in an oven at 80°C, for 24 hours. Thereafter, healthy leaves, 
selected from each of the three dried samples, were powdered and 
passed through a 72 mesh to get fine leaf powder. Nitrogen, 
phosphorus and potassium contents were determined by chemically 
analysing this powder on dry weight basis. 
The digestion of the powdered leaf to estimate nitrogen, 
phosphorus and potassium contents was carried out according to 
Lindner (1944), 100 mg leaf powder was taken in a 50 ml Kjeldahl 
flask. 2 ml of chemically pure cone, sulphuric acid was added to 
it. The contents of each flask were heated for 2 hours on 
Kjeldahl assembly. After cooling, 0,5 ml of chemically pure 30^ 
hydrogen peroxide was added drop by drop for 15 minutes, heated 
again for 30 minutes and cooled for 10 minutes. An additional 
amount of 3-4 drops of hydrogen peroxide was further added 
drop-wise. Lastly, the contents were gently heated for 15 minutes 
to get a clear and colourless extract of the fully digested leaf 
powder. Precaution was taken while adding the hydrogen peroxide 
as excess of it might oxidise ammonia in the absence of organic 
matter. The peroxide-digested material, thus obtained, was 
transferred to a 100 ml volumetric flask with 3-4 washings with 
distilled water and then the volume of the flask was made up to 
the mark. This peroxide-digested material was used in appropriate 
aliquots to determine NPK contents in the leaf. 
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3.7.1.1 Leaf-nitrogen content 
The method of Lindner (1944) was adopted for 
determining the nitrogen content in the sampjles* A 10 ml aliquot 
of the peroxide-digested material was transferred to a 50 ml 
volumetric flask. To it, 2 ml of 2.5 N sodium hydroxide solution, 
followed by 1 ml of 1(^ sodium silicate solution, was added to 
partiallyneutralise the excess of acid and to prevent turbidity 
respectively. Finally, the volume of the flask was made upto the 
mark with distilled water, A 5 ml aliquot of this solution was 
taken in a 10 ml test tube and 0,5 ml of Messler*8 reagent was 
added to it drop-wise, mixing thoroughly after each instalment. 
The volume of the test tube was made upto the mark with distilled 
water. The contents were allowed to stand for 5 minutes for 
maximum colour development after which the optical density of the 
orange-yellow solution, thus obtained, was determined at 525 nm 
with the help of a "Spectronic 20" colorimeter. A blank was run 
simultaneously. The nitrogen content in the solution was 
determined on dry weight basis by comparing the values with a 
standard calibration curve obtained by using known dilutions of a 
standard ammonium sulphate solution, 
3.7.1.2 Leaf-phosphorus content 
Phosphorus content in the samples was deteimined by the 
method of Fiske and Subba Row (1925). A 5 ml aliquot of 
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peroxide-digested material was transferred to a 10 ml test tube. 
To it, 1 ml of molybdic acid (2,5p^  aramoniijun molybdate in 10 N 
sulphuric acid) was carefully added, followed by 0.4 ml of 
1,2,4-aminonapthasulphonic acid, which turned the content blue. 
Distilled water was added to make the volume upto the mark. The 
solution was mixed thoroughly and kept for 5 minutes for maximum 
colour development. Optical density of this solution was 
determined on 620 nra on a "Spectronic 20" colorimeter, A blank 
was run with each determination. The phosphorus content of each 
sample was determined on dry weight basis by comparing the 
optical density with a calibration curve plotted by taking 
aliquots of known dilutions of a standard solution of monobasic 
potassium phosphate, 
3,7,1,3 Leaf-potassium content 
Potassium content of the leaf was determined flame 
photometrically, 1 ml aliquot of the peroxide-digested material 
was diluted to a volume of 10 ml with distilled water. The 
potassium content of this aliquot was determined with the help 
of a flame photometer. A blank was run with each determination. 
The readings were compared with a calibration curve plotted by 
taking known dilutions of a standard potassium sulphate solution. 
The leaf potassium content also was determined on dry weight 
basis. 
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3.7.2 Nitrate reductase activity (NBA) 
NRA was estimated in Experiment 4, At tillering stage, 
the second leaf of each of the three randomly selected plants was 
taken for the estimation of NRA* While at heading and milky 
grain stages, flag-leaf and second leaf were analysed for this 
purpose. The method of Jaworski (1971) was employed to determine 
the enzyme activity. The procedure followed was as described 
below. 
The fresh leaves were cut into small pieces and 500 mg 
frcm each sample was transferred to 10 ml polythene vials, 2,5 ml 
of phosphate buffer (pH 7,5), 0,5 ml of 0,2 M potassium nitrate 
solution and 2.5 ml of % isopropanol solution, followed by two 
drops of chloramphenicol solution (to avoid the bacterial growth) 
were added step-wise. These vials were incubated for 2 hours in 
dark at 30°C for manifestation of maximum enzyme activity. 
After incubation, 0,4 ml of the contents were transferred 
from the vial to a test tube. To it, 0,3 ml of 1% sulphanilamide 
solution followed by 0.02% of N-1-naphthyl-ethylene diamine 
hydrochloride (NED HCl) solution was added. After waiting for 
20 minutes for maximum colour development, the contents were 
diluted to a volume of 5 ml with distilled water. The optical 
density of this solution was read at 540 nm with the help of a 
"Spectronic 20" colorimeter, A blank, was run simultaneously. 
The optical density of each sample was compared with a calibrated 
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curve plotted by taking various known concentrations of standard 
potassium nitrite solution to measure NRA expressed as p. mol 
HdZ/h/g fresh leaf tissue, 
3.7.3 Grain protein content (%) 
After determining the percentage of nitrogen in each 
sample of dried powder of grain by Kjeldahl digestion method 
according to Lindner (1944), percentage of the grain protein was 
computed by the following formula, using a conversion factor, 
valid for determining the protein percentage in cereal grain 
(Anonymous, 1970). 
% grain protein = % grain nitrogen x 5,7 
3.7.4 Grain protein yield (q/ha) 
The grain protein yield (q/ha) was calculated with the 
help of protein percentage in the grain, applying the following 
formula. 
Total grain _ % grain protein x total grain yield (q/ha) 
protein yield *" ^QQ 
3,7.5 Grain carbohydrate content (%) 
The method of Yih and Clark (1965) was used for 
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extracting the carbohydrates from the grain powder and that of 
Dubois £t Ql, (1965), for determining their percentage in the 
grain. 
50 mg of finely ground and oven-dried grain powder was 
transferred to a centrifuge tube, followed by the addition of 
5 ml of 1.5 N sulphuric acid. It was heated on a water-bath for 
two hours, cooled for some time and then centrifuged at 4,000 rpm 
for 10 minutes. The supernatant (carbohydrate extract) was 
collected in a 25 ml volumetric flask, washing the residue three 
times with distilled water. More distilled water was added to 
make the volume upto the mark. This might be diluted further, 
if required, 
A 1 ml aliquot of the carbohydrate extract was 
transferred to a 10 ml test tube. To it, 1 ml of 5% aqueous 
phenol solution was added, followed by 5 ml of cone, sulphuric 
acid after which the contents turned yellowish orange. It was 
cooled for 30 minutes and then optical density was measured at 
490 nm using a "Spectronic 20" colorimeter. A blank was run with 
each determination. The carbohydrate content of each sample was 
estimated by comparing its optical density with a calibration 
curve plotted by using known dilutions of standard solution of 
chemically pure glucose. 
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3.7.6 Grain carbohydrate yield (q/ha) 
The grain carbohydrate yield (q/ha) was calculated 
directly with the help of the following formula. 
Grain carbohydrate yield « 
% grain carbohydrate x total grain yield (q/ha) 
100 
3.8 Data analysis 
The data of each experiment were statistically analysed 
according to Panse and Sukhatme (1967), The models of "analysis 
of variance" (ANOVA) used, were in accordance with the designs of 
the field experiment conducted (Tabled), The significance of 
the data was assessed at 5% level of probability with the help of 
«F test*. Critical difference (CD.) among the values was also 
conqauted to compare the effect of various treatments, using the 
following formulae for simple and factorial randomised block 
designs separately, 
(i) Simple randomised block design: 
C.i D. «"\ .^'^ ' ^ ^ X t £^ (from table) 
(li) Factorial randomised block design; 
(a) For factor A (variety): 
T a b l e 6: Models of a n a l y s i s of v a r i a n c e (ANOVA) employed in E x p e r i m e n t s 1-4 
E x p e r i m e n t 1 
(S imple r a n d o m i s e d b l o c k d e s i g n ) 
S o u r c e of v a r i a t i o n D. F. S. S. M. S. S. 
R e p l i c a t i o n 
V e r i t i e s 
E r r o r 
2 
9 
18 
T o t a l 29 
E x p e r i m e n t 2 
( F a c t o r i a l r a n d o m i s e d b l o c k d e s i g n ) 
S o u r c e of v a r i a t i o n D. F . S. S. M. S. S, 
R e p l i c a t i o n 
V a r i e t i e s 
Treatments 
Variety x Treatment 
E r r o r 
2 
5 
3 
15 
46 
T o t a l 71 
E x p e r i m e n t 3 
( F a c t o r i a l r a n d o m i s e d b l o c k d e s i g n ) 
S o u r c e of v a r i a t i o n D. F . S. S. M, S. S. 
R e p l i c a t i o n 
V a r i e t i e s 
Treatments 
V a r i e t y x T r e a t m e n t 
E r r o r 
2 
5 
4 
20 
58 
T o t a l 
E x p e r i m e n t 4 
( F a c t o r i a l r a n d o m i s e d b l o c k d e s i g n ) 
S o u r c e of v a r i a t i o n D. F. S. S. M. S. S. 
R e p l i c a t i o n 
V a r i e t i e s 
Treatments 
V a r i e t y x T r e a t m e n t 
t r r o r 
2 
5 
8 
40 
106 
T o t a l 161 
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CD, =^  ~\ •'^•*l*' \^" % t% (from table) 
1 T X H 
(b) For factor B (treatment)* 
CD. « \ At ft \Z« X t % (from table) 
> V X R 
(c) For interaction (variety x treatment)t 
C D , « \| '^«^ * ^  ^  • X t 5^ (from table) 
S.E, = Standard error 
R a Number of total replicates 
T S3 Number of total treatments, i.e, number of 
total sowing dates, seeding rates and 
fertiliser doses in Experiments 2, 3 and 4 
respectively in the present study, 
V » Number of total varieties 
The correlations were worked out in Experiment 4 only. 
For this purpose, thf values for correlation coefficient (r), 
significant at O.lf, 1%, 5^ and £^ level of probability, mxe 
computed to determine different correlations, using the following 
formulas 
X a 
(x^x)(y-.y) 
ix^xf (y-y)2 
I 76 I 
X = Independent character (x « mean) 
y a Dependent character (y = mean) 
To test v/hether the value for r is significant or 
not, the following formula was applied? 
"~\ n>«2 
Test of significance Ct») « r x \ 
n = Number of total observations 
« Number of treatments x number of replicates. 
When t* value was greater than that of t, obtained 
from the table at 0^\%, ^%f 0% and % level of probability, 
the value for r (correlation coefficient) was declared to be 
significant In that order. 
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EXPERIMENTAL RESULTS 
In all, four field experiments were conducted. The 
assessment of the performance of triticale, in comparison with 
wheat and rye, was based on plant density, i.e. population count 
(number of plants/sq m), growth characters, leaf-nutrient 
content, NRA in leaf (estimated in Experiment 4 only), and yield 
and quality attributes. Population count was carried out after 
one month of sowing. Studies regarding growth parameters and 
estimations of NPK content and NRA in leaf were made at three 
stages of growth, viz, tillering, heading and milky grain stage? 
while yield and quality attributes were studied at harvest. 
Results, obtained from these experiments are summarised in 
Tables 7 to 79 and briefly described below, 
4.1 Experiment 1 
This varietal trial was conducted to study the 
performance of eight varieties of triticale (Bronco 90, Badger 
PM 118, TL 419, Tigre "S", Juppa "S", Muskox "S", Mula "S" and 
Delfin), in comparison with one variety each of wheat (HD 1982) 
and rye (Russian Rye) under local conditions. The aim was to 
select the better performing triticales on the basis of population 
count, growth characteristics, leaf-nutrient content, and yield 
and quality characteristics. The results obtained are briefly 
described below (Table 7 to 10). r1^\C*^^*'.^i'^' o^ ,^  = 
%.,/^^C3 
t 78 : 
4.1.1 Population count 
Performance of varieties, with regard to plant popula-
tion, was significant. Maximum number of plants/sq m was noted 
for Delfin among all the triticales. However^ rye, followed by 
wheat, surpassed all the triticalss. Bronco 90, equalled by 
Badger PM 118, shov/ed least value for plant population (Table 7 ) , 
4.1.2 Growth characteristics 
Shoot length, tiller number, leaf number, fresh 
weight and dry weight of various cultivars showed significant 
differences from each other at all three growth stages. Results, 
obtained at each stage, are described below (Table 7 ) . 
4.1.2.1 Shoot length 
Varietal differences, regarding shoot length, were 
significant at all growth stages. At tillering stage Bronco 90, 
followed by Deifin and Badger PM 118, was the tallest among the 
triticales. However, rye gave significantly higher value than 
all triticale varieties as well as wheat, which v/as equalled by 
Juppa "S" and gave the least value. 
More or less similar relative heights were noted at 
heading and milky grain stage. Rye outgrew all the varieties 
significantly. At both the stages. Bronco 90, followed by 
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Delfln and Tigre "S", gave significantly maximum length of the 
shoot among the triticales testedf whereas wheat, differing 
critically from all other varieties, produced the shortest 
plants, 
4,1.2*2 Tiller number 
Varietal differences regarding tiller number, were 
significant at all growth stages. At tillering stage, maximum 
number of tillers v/as noted in Delfin, which was followed by 
wheat and Tigre "S", whereas. Bronco 90, equalled by Juppa "S", 
gave the lowest value, Delfin surpassed wheat and rye by 10,7% 
and 29,3% respectively. 
At heading stage also, Delfin gained highest rank, 
followed by Tigre "S", Variety Bronco 90, differing statistically 
from all other varieties, was poorest in this regard. Wheat and 
rye weye excelled by Delfin by 12,1% and 16,3% respectively. 
At milky grain stage, the trend was similar to that at 
heading stage, Delfin, followed by Tigre "S", gave the maximum 
value, which was critically different from those for all other 
varieties. Bronco 90 gave significantly lowest number of tillers. 
Delfin gave 11,^ and 22.^ more tillers than wheat and rye 
respectively. 
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4^1.2,3 Leaf number 
Varietal differences, pertaining to number of leaves, 
were significant at all the stages. At tillering stage, maximum 
number of leaves was recorded in Delfin, followed by Tigre "S". 
On the other hand, Mula "S", equalled by rye, gave the least 
value, Delfin possessed 37.09^  and 66.1^ more leaves than wheat 
and rye respectively. 
At heading stage, Delfin, followed by TL 419 and 
Tigre "S", gave significantly highest value. While the minimum 
value was recorded for Mula "S", wrtiich was critically different 
from those of all other varieties. Delfin exceeded wheat and 
rye by 24,7% and 30.3% respectively, 
Delfin, followed by Tigre "S", gave maximum value for 
leaves at milky grain stage also. Poorest value was given by 
Mula "S", which was equal to that of Bronco 90, Delfin excelled 
wheat and rye by 22,3% and 39,3% respectively, 
4,1,2.4 Fresh weight 
Differences among varieties in relation to fresh weight 
were significant at all the three stages. Similar to tiller 
number, fresh weight was maximum in Delfin at tillering stage. It 
was followed by Tigre "S" and TL 419. Least value for fresh 
weight was given by Juppa "S", which was critically different from 
those of all other varieties, Delfin showed a significant 
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increase of 24.46 and 34,2?^ of the fresh weight over those of 
wheat and rye respectively. 
The situation at heading stage was similar to that at 
tillering stage. Here, Delfin and Juppa "S" were the top most 
and poorest varieties respectively. They differed critically 
from each other as well as from all other varieties, Delfin 
was followed by Tigre "S", Wheat and rye were surpassed by 
Delfin by 17,0% and 28,0% respectively. 
In the case of milky grain stage also, fresh weight 
followed the same trend as at the previous two stages, Delfin, 
followed by Tigre "S", gave the highest value for fresh weight. 
Whereas, Juppa "S" produced the lowest fresh wsight. Its value 
differed critically from those of all other varieties, Delfin 
exceeded wheat and rye by 30,9% and 49,3% respectively, 
4»1.2,5 Dry weight 
The data for dry weight, like those for other growth 
parameters, were statistically significant at each of the three 
growth stages. Maximum dry weight was noted at tillering stage 
in Delfin, It was followed by TL 419, which was equal to 
Muskox "S", Tigre "S" and wheat, whereas Juppa "S" gave the 
lowest value. The value recorded for Delfin was 12,8% and 21,3% 
more than those for wheat and rye respectively. 
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Delfin, followed by Tigre "S", occupied the first 
place at heading stage too> whereas Juppa ""S", equalled by 
Bronco 90,gave the lowest value, Delfin excelled wheat and rye 
by 17.7?^  and 38«7% respectively. 
The highest dry weight was noted in Delfin at milky 
grain stage also, and the value differed critically from those 
given by other cultivars. It was followed by Tigre "S" which 
was at par with wheat. On the other hand, Juppa "S"/equalled 
by Mula "S") showed least value* Delfin produced 15,®6 and 3t,0?( 
more dry weight than wheat and rye respectively, 
4,1,3 Leaf-nutrient contents 
The performance of eight triticaies, along with that 
of wheat and rye, was also assessed with regard to ieaf-NPK 
content at all the growth stages. The results obtained are 
briefly described below (Table 8 ) , 
4,1,3,1 Leaf-nitrogen content 
Varietal differences, regarding leaf-N content, were 
significant at all the stages, Delfin, equalled by Tigre "S", 
had maximum content of nitrogen in the leaf at tillering stage. 
It was followed by TL 419, which was at par with Muskox "S", On 
the other hand, Bronco 90, critically differring from all other 
varieties, had the least content of leaf-N, Delfin showed an 
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increase in leaf-^N content of 12.C^ and 24,1% over that in wheat 
and rye respectively. 
At heading stage, Delfin, had maximum leaf-N content 
and was c r i t i ca l ly different from ai l other var ie t ies . I t was 
followed by Tigre "S". Mula "S", equalled by Bronco 90, showed 
poorest performance, Delfin exceeded wheat by 30,7% and rye by 
33 , j^ . 
At milky grain stage, Tigre "S" exhibited maximum 
leaf«N content, but the value was at par with that given by 
Delfin, On the contrary, rye, equalled by Juppa •*$*, Mula *'S'', 
Bronco 90 and Badger ?M 118, gave the lov/est value. The leaf-N 
content of Tigre "S" was 20.0% more than that of rye. 
4,1,3.2 Leaf»phosphorus content 
Like leaf-N content, leaf-P content was also s ignif i -
cant with regard to varietal differences, Delfin, giving maximum 
P content in the leaf, was at par with wheat, Tigre "S" and 
TL 419, On the other hand. Bronco 90, equalled by rye and Badger 
PM 118, was poorest in this regard, Delfin surpassed rye by 30,1%, 
Tigre "S", equalled by Delfin, proved best for leaf-P 
content at heading stage. Bronco 90, differing c r i t i ca l ly from 
al l other var ie t ies , had leas t content of leaf-P, Tigre "S" 
excelled wheat and rye by 13,4% and 38,4>i respectively. 
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Delfin, possessing maximum leaf-P content at milky 
grain stage, was at pax with Tigre "S", whereas rye, equalled by 
Mula "S" and Juppa "S", gave the minimum values. Delfin surpassed 
rye by 63,9% and wheat by 25,^, 
4,1.3.3 Leaf-potassium content 
Varietal differences, pertaining to leaf-K content, 
were also significant at all the stages. At tillering stage, 
maximum content of leaf-K was given by Delfin. Tigre "S", 
equalled by TL 419, was the second best. However, the minimum 
leaf-K content was given by Mula "S", which was critically 
different from all other varieties. Delfin gave 24.7% more 
leaf-K content than wheat and 25,^, than rye. 
Delfin, equalled by Tigre "S", gave the maximum value 
for leaf-K content at heading stage, whereas, Mula "S", equalled 
by Bronco 90, gave the lowest content of leaf-K. Delfin gave 
9.2% and 36.7% higher leaf-K content than wheat and rye 
respectively. 
Delfin gave highest leaf-K content at milky grain 
stage too, but the value was equal to those of Tigre "S" and 
TL 419. On the other hand, Juppa "S", equalled by Bronco 90 and 
Badger PM 118, was poorest in this regard. Delfin exceeded 
wheat and rye by 17,1% and 63.0% respectively. 
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4,t,4 Yield characteristics 
Varietal differences with regard to ear number, ear 
weight, ear length, spikeiet number, grain number, 1,000 grain 
weight, grain yield, straw yield and harvest index were found 
significant. Highlights of the data are presented below 
(Table 9). 
4,1,4.1 Ear number 
Delfin produced maximum number of ears and the value 
differed critically from those of all other varieties. It was 
followed by wheat which was equal to Tigre "S", Minimum number 
of ears was given by Bronco 90, which was at par with Mula "S". 
Delfin gave 15,7% and 64,3% more ears than wheat and rye 
respectively, 
^.^•^•2 Ear weight 
The maximum value for ear weight was exhibited by 
Delfin , but was equal to those for Tigre "S" and TL 419. The 
lowest value was given by rye which was equal to that for 
Bronco 90. The value given by Delfin was 34,5% and 67,2% more 
than those given by wheat and rye respectively, 
4,1,4,3 Ear length 
Delfin gave the maximum value for ear length. It was 
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followed by Tlgre "S". Minimum length of the ear was shown by 
Juppa "S", which was equal to those given by Mula "S", Bronco 90 
and rye« Delfin possessed 12.9% longer ears than wheat and 1-8.3%, 
than rye. 
^'^•^•^ Splkelet number 
Among the triticales, Delfin gave optimum value for 
spikelet number. However, rye gave significantly highest value 
among all the cultivars tested. On the other hand, wheat, 
equalled by Juppa "S", Bronco 90 and Badger PM 118, gave the 
minimum value. 
4.1.4,5 Grain number 
Tigre "S" possessed the highest number of grains. Next 
to Tigre "S" was Delfin, which produced significantly maximum 
number of grains compared to the rest of the cultivars. Mula "S", 
equalled by rye, wheat and Juppa "S", was poorest in this regard, 
Tigre "S" produced 30,6% and 27.1% more grain than wheat and rye 
respectively, 
^^It^'^ 1,000 grain weight 
Delfin proved the best for 1,000 grain weight. It 
was followed by wheat. On the other hand, significantly lowest 
value was given by rye, Delfin showed an increase of 3,4% 
over wheat and 101,7% over rye. 
: 87 J 
4.1.4.7 Grain yield 
Maximum grain yield was recorded in wheat, but the 
value was equal to those given by Delfin and Tlgre "S", However, 
the values given by these three were critically different from 
those given by the remaining cultivars. On the other hand, rye, 
equalled by Bronco 90, gave the lowest value. 
4.1.4.8 Straw yield 
XL 419 produced maximum straw. It was followed by 
Muskox "S", which was equal to Tigre "S", whereas, rye gave 
lowest value, which was critically different from those for all 
other varieties. TL 419 gave 28,8% more straw than wheat and 
46,59^  more, than rye, 
^•^•^*^ Harvest index 
The highest harvest index was exhibited by wheat. 
However, the value was at par with that given by Delfin, On the 
other hand, Bronco 90 gave significantly lowest value. The harvest 
index recorded for Delfin was 34.9% more than that for rye. 
4,1.5 Quality characteristics 
Grain quality was assessed by protein and carbohydrate 
content and their computed per hectare yields. Brief results are 
given below (Table 10). 
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4,U5,1 Grain protein content 
Delfin gave the highest value for grain protein content. 
It was followed by Tlgre "S", which was equalled by wheat. 
Significantly minimum value was given by Bronco 90. Delfin 
possessed 15,9?^  and 28.8% more grain protein than wheat and rye 
respectively, 
4.1.5.2 Grain protein yield 
Delfin exhibited the highest grain protein yield. It was 
followed by Tlgre "S", which was at par with wheat. On the other 
hand, Bronco 90, equalled by rye, gave the lowest value, Delfin 
excelled wheat by 13,^ and rye by 144,9%, 
4.1.5.3 Grain carbohydrate content 
Delfin exhibited the highest value for grain 
carbohydrate content, which was critically different from those 
for all other varieties, Delfin was followed by Tlgre "S" which 
was equal to TL 419. Variety Badger PM 118, equalled by rye, 
Juppa "S" and Bronco 90, gave the least value. Wheat and rye 
were surpassed by Delfin by 4,1% and 9,C% respectively, 
4.1.5.4 Grain carbohydrate yield 
The highest value for grain carbohydrate yield was 
recorded for Delfin, It was followed by wheat, which was equal 
I 89 : 
to Tigre "S", Rye, equalled by Bronco 90, gave the least value, 
Delfin gave 4,4^ and 107.3% more yield of grain carbohydrate than 
those of wheat and rye respectively, 
4.2 Experiment 2 
This factorial randomised field experiment was carried 
out to select the best out of four sowing dates (25 October, 
10 November, 25 November and 10 December) for cultivation of four 
triticales (TL 419, Tigre «S", Muskox "S" and Delfin) selected 
due to their better performance in Experiment 1, keeping wheat 
(HD 1982) and rye (Russian Rye) as checks. Assessment of the 
performance of the varieties was based on population count (one 
month after sowing)j growth characteristics and leaf-nutrient 
content (at tillering, heading and milky grain stage of growth) 
and yield and its attributes as well as quality characteristics 
(at harvest). The results obtained are presented below 
(Tables 11-32). 
4,2.1 Population count 
The plants occupying one square meter area were counted 
to record the plant population. The effect of four sowing dates, 
response of different varieties and the effect due to sowing 
date X variety interaction were found significant with regard to 
number of plants/sq m (Table 11), 
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Sowing on 10 November produced the maximum number of 
plants, iVhereas, 10 December sowing gave the least value. The 
value for sowing on 10 November was 30,7% more than that obtained 
by sowing on 10 December, 
Regarding varietal response, Delfin gave maximum number 
of plants among triticales. However, rye and wheat, in that 
order, gave higher values, TL 419, on the other hand, was 
significantly surpassed by all the cultivars tested. 
When interaction effect was taken into consideration, 
it was found that 10 November x rye gave maximum value, 
10 November x Delfin, equalled by 25 October x wheat, proved 
optimum among all the interactions tested. The values for these 
two interactions, however, were lower than that recorded for 
10 November x wheat. The interaction 10 December x TL 419 gave 
the least value, 
4,2,2 Growth characteristics 
Growth characteristics, viz, shoot length, tiller 
number, leaf number, fresh weight and dry weight were studied at 
tillering, heading and milky grain stage of growth. Sowing date 
affected all parameters significantly. Varietal response was 
also significant for all the growth characters, whereas, 
interaction effect of sowing date x variety was significant in a 
few cases. The data are briefly described below (Tables 12-16), 
: 91 t 
4.2.2.1 Shoot length 
The effect of sowing date, as well as response of 
varieties, was significant for shoot length at all the growth 
stages. However, interaction between sowing date and variety 
was not significant at any stage (Table 12), 
Maximum shoot length was recorded in 10 November sowing 
at all the growth stages. Whereas, 10 December sowing gave least 
value throughout the growth period, Ilie value given by 10 December 
sowing differed critically from those of all other dates at each 
stage. Sowing on 10 November gave 9,93i, 6,9^ and 8,6^ more shoot 
length than sowing on 10 December at tillering, heading and milky 
grain stage respectively. 
Regarding varietal response, all the varieties gave 
statistically different values from each other at all the growth 
stages. Rye, followed by Delfin,, proved the tallest variety. On 
the other hand, TL 419 gave lowest value at all the stages, 
4.2.2.2 Tiller number 
The effect of different sowing dates as well as 
response of various varieties with regard to tiller number 
were significant at all the stages. However, interaction was 
significant only at milky grain stage (Table 13), 
Tab le 121 E f f e c t of sowing d a t e s on shoo t l e n g t h (cm) o i L r i t i c a l e , wtieat and rye 
v a r i e t i e s a t t h r e e growth s t a g e s 
V a r i e t i e s 
25 Oc tober 
Sowing d a t e s 
10 November 2 5 November 10 December 
Mean 
T i l l e r i n g s t a g e 
TL 419 
T i g r e " S " 
Muskox " S " 
Cielfin 
HD 1982 (wheat) 
R u s s i a n Rye 
59. 46 
7 2 . 4 3 
74.70 
81 .43 
63 .63 
95 .00 
6 5 . 33 
7 5.69 
7 8 . 43 
86 .4 3 
6 7 . 6 8 
9 5 . 6 3 
62. 22 
73 .69 
7 5.67 
82 .08 
62.77 
9 2 . 8 3 
57.32 
7 1 , 51 
72 .22 
77 .39 
59.06 
89 .44 
6 1 . 0 8 
7 3 . 33 
7 5.26 
8 1 . 3 3 
6 3.29 
9 3 . 23 
Mean 7 4 . 4 4 7 8 . 2 0 7 4 . 8 8 71 .16 
C. D. a t 5% : Sowing d a t e 0 .99 5 V a r i e t y 1.216 S. D. X V N. S. 
Head ing s t a g e 
TL 419 
T i g r e " S " 
Kuskox " S " 
D e l f i n 
.-:D 1982 (whea 
R u s s i a n Rye 
t ) 
103.60 
110.67 
114.65 
115.63 
103. 49 
158.44 
108,47 
115,49 
117.98 
119.70 
107 .41 
165.69 
102.99 
112.68 
114.68 
117.69 
10 2. 3 2 
160.23 
9 8 . 4 1 
108. 32 
111.09 
113.28 
98 .57 
157.32 
10 3.37 
111.79 
114.60 
116.58 
102 .95 
160,42 
Mean 117 .75 122.46 117.93 114.50 
C. D. a t 5X I Sowing d i t e 1.006 V a r i e t y 1.232 S. D. X V N. S. 
Milky g r a i n s t a g e 
TL 419 
T i g r e "S" 
Muskox "S" 
D e l f i n 
KD 1982 (wheat) 
R u s s i a n Rye 
104.69 
119 .65 
114 .43 
112,29 
106 .43 
171 .45 
111 .65 
125.40 
119,26 
128,76 
110.6 3 
179.00 
107.32 
116.92 
113.00 
124.39 
109.00 
173.21 
100. 20 
115.08 
109.32 
120,29 
101.09 
167.20 
105.97 
119.76 
114.00 
123.93 
106.79 
172.72 
Mean 123.16 129. 12 124 .31 118.86 
C D . a t 5X I Sowing d a t e 0 ,984 
S, D, Sowing date 
V V a r i e t y 
N. S, N o n - s i g n i f i c a n t 
V a r i e t y 1.205 S. D. X V N. S. 
N. B, A uniform basal dose of 150 kg N, 30 kg P and 30 kg K/ha was applied 
at the time of sowing 
T a b l e 13i E f f e c t o f s o w i n g d a t e s on t i l l e r n u n . b e r / p l a n t o f t r i t i c a l e , w h e a t a n d r y e 
v a r i e t i e s a t t h r e e g r o w t h s t a g e s 
V a r i e t i e s 
2 5 O c t o b e r 
S o w i n g d a t e s 
10 N o v e t r b e r 25 N o v e m b e r 10 D e c e m b e r 
Mean 
T i l l e r i n g s t a g e 
TL 419 
T i g r e " S " 
Muskox " S " 
D e l f i n 
HD 1982 (whea 
R u s s i a n Rye 
t ) 
5 . 6 5 
7 . 56 
6 . 11 
7 , 6 3 
7 . 7 0 
5 . 6 7 
6 . 6 5 
7 . 8 9 
6 . 7 0 
7 . 9 6 
7 . 6 0 
6 . 0 0 
5 . 8 9 
7 . 54 
6 . 37 
7 . 6 7 
7 . 0 0 
5 . 8 1 
5 . 0 0 
6 . 2 3 
5 . 33 
6 . 0 4 
5 . 7 0 
4 . 49 
5 . 8 0 
7 . 3 1 
6 . 13 
7 . 3 3 
7 . 0 0 
5 . 49 
Mean 6 . 7 2 7 . 1 3 6 . 7 1 5 . 4 7 
C. D. a t 5% ! S o w i n a d a t e 0 . 2 33 V a r i e t y 0 . 2 8 5 S. D.x V N. S. 
H e a d i n g s t - i g e 
TL 419 
T i g r e " S " 
Muskox " S " 
D e l f i n 
HD 1 9 8 2 (whea 
R u s s i a n Rye 
. t ) 
6 . 39 
7 . 7 8 
7 . 7 0 
7 , 7 3 
7 . 4 6 
7 . 0 0 
7. 56 
8 . 12 
7 . 59 
8 , 3 9 
8 . 0 2 
7 . 2 3 
6 . 26 
7 . 8 9 
7 . 4 7 
7 . 6 9 
7 . 8 0 
6 . 6 3 
6 . 0 0 
6 . 2 9 
6 . 1 3 
7 . 2 4 
5 . 7 6 
5 . 8 0 
6 . 55 
7 . 52 
7 . 2 2 
7 . 7 6 
7 . 2 6 
6 . 6 7 
Mean 7 . 3 4 7 .82 7 . 2 9 6 . 2 0 
C. D. a t S% J S o y i n g d a t e 0 . 2 9 0 V a r i e t y 0 . 3 5 6 S. D. X V N . ; 
M i l k y g r a i n s t a g e 
TL 419 
T i g r e " S " 
>;uskox " S " 
D e l f i n 
HD 1982 ( w h e a t ) 
R u s s i a n Rye 
7 . 8 0 
7 . 8 0 
7 . 0 1 
8 . 0 0 
7 . 8 5 
6 . 7 2 
7 . 9 8 
8 . 23 
7 . 6 3 
9 . 2 3 
8 . 6 9 
7 . 6 1 
7 .78 
7 .73 
7 . 39 
8 . 37 
7 . 9 6 
6 . 7 9 
6 . 0 0 
6 . 0 9 
7 . 0 1 
7 . 4 5 
7 . 2 0 
5 . 8 9 
7 . 3 9 
7 . 4 6 
7 . 2 6 
8 , 26 
7 . 9 3 
6 , 7 5 
Mean 7 . 5 3 8 . 2 3 7 .67 6 . 6 1 
C. D. 
S, D. 
V 
a t 5% 5 
S o w i n g d a t e 
V a r i e t y 
S o w i n g d a t e 0 . 268 
N. S . N o n - s i g n i f i c a n t 
V a r i e t y 0 . 3 2 9 S. 0. X V 0 . 6 5 8 
K. B. A u n i f o r m b a s a l d o s e o f 150 kg K, 30 kg P a n d 30 kg K / h a was a p p l i e d 
a t t h e t i m e o f s o w i n g Jr. 
i 92 s 
10 November gave the maximum number of tillers at each 
stage. While 10 December, giving significantly lowest value, 
was surpassed by 30,3^, 26,1% and 2A»% by 10 November sowing at 
tillering, heading and milky grain stage respectively, gave 
lowest value at all the stages. 
As far as varietal response was concerned, Delfin gave 
maximum number of tillers at all the growth stages, but it was at 
par with Tigre "S" at tillering and heading stage. On the other 
hand, rye gave least value at tillering and milky grain stage, 
while at heading stage, TL 419, producing minimum tillers, was 
at par with rye, Delfin gave 4,7%, 6,9% and 4,29^  more tillers 
than wheat and 33.5%, 16,3% and 22,i^, than rye at tillering, 
heading and milky grain stage respectively. 
Regarding the interaction effect, 10 November x Delfin 
produced most tillers, but the value was at par with that for 
10 November x wheat. The lowest value was given by 10 December x 
rye, which was equalled by that for 10 December x TL 419 and 
10 December x Tigre "S", The interaction 10 November x Delfin 
gave 21,^ more tillers than 10 November x rye, 
4,2.2,3 Leaf number 
The effect of sowing date and response of different 
varieties, were significant on the number of leaves at all the 
three stages studied. Interaction due to sowing date x variety 
was only significant at heading and milky grain stage (Table 14), 
T a b l e 14 i E f f e c t o f f o u r s o w i n g d a t e s o n l e a f n u m b e r / p l a n t o f t r i t i c a l e , w h e a t a n d r y e 
v a r i e t i e s a t t h r e e g r o w t h s t a g e s 
V a r i e t i e s 
25 O c t o b e r 
S o w i n g d a t e s 
10 Kovennber 2 5 N o v e m b e r 10 D e c e r r b e r 
Mean 
T i l l e r i n g s t a g e 
TL 419 
T i g r e " S " 
Muskox " S " 
D e l f i n 
HD 1982 (whea 
R u s s i a n Rye 
. t ) 
1 8 , 6 2 
1 8 . 56 
1 8 . 6 5 
2 0 . 4 7 
1 8 . 29 
1 6 . 8 7 
1 9 . 0 3 
2 0 . 54 
1 9 . 6 9 
2 2 . 39 
1 8 . 8 0 
1 7 . 8 5 
1 7 . 6 4 
1 9 . 11 
1 8 . 7 9 
2 1 . 6 3 
1 8 . 1 4 
1 7 . 0 1 
1 5 . 1 3 
1 7 . 3 3 
1 6 . 48 
1 8 . 8 0 
1 6 . 0 0 
1 5 . 0 2 
1 7 . 6 1 
1 8 . 8 9 
1 8 . 4P 
2 1 . 0 7 
1 7 . 6 1 
1 6 . 6 9 
Mean 1 8 . 7 4 1 9 . 7 2 1 8 . 7 2 1 6 . 4 6 
C. D. a t 5% 1 S o w i n g d a t e 0 . 4 5 6 V a r i e t y 0 . 5 5 9 S, D. X V U.S. 
H e a d i n g s t a g e 
TL 419 
T i g r e " S " 
Muskox " S " 
D e l f i n 
HD 1982 ( w h e a t ) 
R u s s i a n Rye 
2 1 . 6 0 
2 2 . 8 9 
2 0 . 8 9 
2 3 . 6 0 
1 9 . 40 
1 8 . 3 2 
2 2 . 2 0 
2 4 . 39 
2 2 . 0 0 
2 5 . 8 7 
2 2 . 7 9 
2 0 . 8 2 
2 0 . 8 9 
2 3 . 6 9 
2 1 . 6 0 
2 3 . 8 9 
2 0 . 7 0 
2 0 . 0 0 
1 6 . 6 3 
2 0 . 0 6 
1 8 . 46 
2 0 . 7 2 
1 7 . 4 3 
1 7 . 0 1 
2 0 . 31 
2 2 . 7 6 
2 0 . 7 3 
2 3 . 52 
2 0 . 0 8 
1 9 . 0 4 
Mean 2 1 . 1 1 2 3 . 0 1 2 1 . 8 0 1 8 . 3 9 
C D . a t 5% t S o w i n g d a t e 0 . 547 V a r i e t y 0 . 6 6 9 S. D .x V 1. 339 
M i l k y g r a i n s t a g e 
TL 419 
T i g r e " S " 
Muskox " S " 
D e l f i n 
HD 1 9 8 2 ( w h e a t ) 
R u s s i a n Rye 
2 3 . 8 0 
2 4 . 7 9 
2 3 . 3 1 
2 8 . 4 0 
2 4 . 0 0 
2 1 . 6 0 
2 6 . 40 
2 9 . 0 0 
2 5 . 4 9 
3 2 . 4 7 
2 6 . 7 9 
2 4 . 7 3 
2 4 . 2 1 
2 6 . 2 3 
2 2 . 8 9 
3 0 . 0 0 
2 3 . 3 8 
2 3 . 0 0 
1 9 . 4 0 
2 1 . 37 
1 8 . 18 
2 3 . 33 
1 9 . 20 
1 7 . 6 9 
23. 45 
25. 35 
22. 47 
28. 55 
2 3 . 34 
2 1 . 7 5 
Mean 24 . 32 27 .48 2 4 . 9 5 19.86 
' CD. at 5% I Sowing date 0.475 Variety 0.582 
S.D. Seeding rate 
V V a r i e t y 
N. S . N o n - s i g n i f i c a n t 
N . B . A u n i f o r . b a s a l d o s e o f 150 kg N. 30 kg P and 30 kg K /ha was a p p l i e d 
a t t h e t i m e o f s o w i n g 
S . D . X V 1 . 1 6 4 
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10 November sowing produced maximum leaves at all the 
growth stages. On the other hand, 10 December sowing gave 
significantly minimum number of leaves which was excelled by the 
10 November sowing by 19»8%, 25.1% and 38.4% at tillering, 
heading and milky grain stage respectively. 
In the case of varietal response, Delfin gave highest 
value for leaf number at all the stages. Rye, on the contrary, 
proved the poorest and the value was critically different from 
those given by all other cultivars at each stage, Delfin gave 
18,3%, 17,1% and 22,3% superior response to wheat and 26.2%, 
23,5% and 31.3% to rye at tillering, heading and milky grain 
stage respectively. 
With regard to interaction effects, maximum number of 
leaves was given by 10 November x Delfin at both heading and 
milky grain stage. On the other hand, 10 December x XL 419, 
equalled by 10 December x wheat and 10 December x rye, gave the 
at 
lowest values at heading; but^milky grain stage, 10 December x 
rye, equalled by 10 December x Muskox "S", was poorest in effect, 
10 November x Delfin gave 13,5% and 24,3^ more value at heading, 
and 21.l^ and 31,3% at milky grain stage than 10 November x wrtieat 
and 10 November x rye respectively, 
4,2,2,4 Fresh weight 
The effect of sowing date as well as varietal response 
was significant for fresh weight at all the growth stages. 
I 94 J 
However, interaction (sowing date x variety) was significant 
only at milky grain stage (Table 15). 
Maximum fresh weight was exhibited by 10 November 
sowing at all the three stages. Conversely, minimum fresh weight 
was noted in 10 December sowing at each stage. Plants obtained 
by sowing on 10 November gave 26,7%, 18.0% and 12.8% higher fresh 
weight than those produced by 10 December sowing at tillering, 
heading and milky grain stage respectively. 
As far as varietal response for fresh weight was 
concerned, Delfin gave highest value all the stages, except at 
milky grain stage where its value was at par with that of 
Tigre "S", However, rye was significantly poorest at all the 
stages. Delfin gave 31.:^, 10.1% and 36.3% more fresh weight 
than wheat and 48,2%, 22.0% and 42,3%, than rye at tillering, 
heading and milky grain stage respectively. 
The interaction effect was significant at milky grain 
stage only. Maximum fresh weight was noted in 10 November x 
Delfin, but its value was at par with those for 10 November x 
Tigre "S" and 25 November x Delfin. However, 10 December x rye, 
had significantly the least effect, 10 November x Delfin 
exceeded 10 November x wheat and 10 November x rye by 30,8% and 
3 4 . ^ respectively. 
Taole Ibi Effect of sowing dates on fresh weight/plant (g) of trlticale, wheat, and rye 
varieties at three growth stages 
Varieties 
25 October 
Sowing dates 
10 November 2 5 November 10 December 
Mean 
TL 419 
T i g r e " S " 
y.uskox "S" 
ilel f in 
r.D 1982 (wheat) 
R u s s i a n Rye 
2 5.80 
30.01 
25.42 
34. 32 
27.29 
24 .05 
T i l l e r i n g s t ^ q e 
30.32 27 .68 
32.99 29.07 
29.70 27.00 
38.46 36.44 
29 .85 26.87 
26.36 23 .71 
22.00 
27.27 
22.69 
31.79 
23. 37 
21.00 
2 6 . 4 5 
29 .84 
26. 20 
3 5 . 2 5 
2 6 . 8 5 
2 3 . 7 8 
Mean 
C. D. a t 5X 1 
27.82 31.28 
Sowing d a t e 0 . 6 9 1 
28 .46 24,69 
V a r i e t y 0 .846 S. D. X V N. 3 . 
Heading s t a g e 
TL 419 
T i g r e " S " 
Kuskox " S " 
D e l f i n 
HD 1982 (wheat) 
R u s s i a n Rye 
44 .63 
46.29 
45. 49 
49.7 3 
46.9 2 
41 .08 
48.03 
49.37 
47.6 3 
54.60 
48.39 
44.29 
45.00 
46 .25 
45 .11 
50.7 3 
46.77 
42 .31 
40. 39 
41 .38 
41.32 
46. 32 
40 .88 
37.42 
44. 51 
45.82 
44.89 
50 .35 
45 .74 
41 .28 
Mean 45.69 48 .72 46 .03 41.79 
C. D. a t 5X t Sowing d a t e 0 .80 4 V a r i e t y 0 .984 S. D. X V N. S. 
TL 419 
T i g r e »S" 
Muskox " S " 
D e l f i n 
HD 1982 (wheat) 
R u s s i a n Rye 
71 ,49 
7 5 . 4 3 
68.49 
76 .09 
55.CO 
54. 44 
Milky g r a i n s t a g e 
73 .89 7 0 . 4 3 
78..12 7 6 . 7 3 
70 .12 66 .72 
7 8 . 8 8 7 7 . 3 1 
6 0 . 3 ? 57. n 
58,60 54.30 
67 . 32 
71 .29 
6 1 . 29 
7 3 . 3 4 
51.89 
47.42 
7 0 . 7 8 
7 5.44 
66 .66 
7 6 . 4 1 
56 .08 
53.69 
^an 66 .82 7 0 . 0 2 67. 10 62 .09 
C. D. a t 5X I 
S. D. Sowing d a t e 
V V a r i e t y 
N. S. N o n - s i g n i f i c a n t 
Sowing d a t e 0 .817 V a r i e t y 1.000 S. D. X V 2.00 1 
N. B. A un i form b a s a l dose of 150 kg N, 30 k j P and 30 kg K/ha was a p p l i e d 
a t t he t ime of sowing 
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4.2.2,5 Dry weight 
The patterns of significance of the effect of sowing 
dates and response of varieties with regard to dry weight of 
plants, were the same as in case of fresh weight (Table 16), 
The 10 November sowing proved the best at each stage. 
Sowing as late as 10 December, on the other hand, gave the lowest 
value at all the stages. The 10 November sowing surpassed it by 
19,8%, 37o7% and 25,8% at tillering, heading and milky grain 
stage respectively. 
Regarding varietal response, Delfin gave maximum dry 
weight of plant at tillering and heading; but at milky grain 
stage, it was at par with that of Tigre "S", On the other hand 
rye, giving the least value at tillering and heading stage, 
differed significantly from all other cultivars, but at tillering 
stage, it was at par with Muskox "S" and TL 419, At milky grain 
stage, Muskox "S" produced lowest dry weight and the value 
differed significantly from-those given by all other cultivars, 
except that recorded for rye, Delfin exhibited 9,0%, 39,0% and 
12,^ higher dry weight than wheat and 14.6%, 52.1% and 25,7% 
than rye respectively at tillering, heading and milky grain stage. 
The interaction effect, regarding dry weight, was 
significant only at milky grain stage, 10 November x Delfin 
proved optimum, but the value was at par with that of 10 November x 
Tigre "S", The interaction 10 Degember x Muskox "S" gave the 
T a b l e 16i E f f e c t of sowing d a t e s on d r y w e i g h t / p l a n t (g) of t r i t i c a l e , wheat and rye 
v a r i e t i e s a t t h r e e growth s t a g e s 
V a r i e t y 
2 5 Ce tobe r 
Sowing dates 
10 NovemtXT 2b htovember 10 December 
Mean 
T i l l e r i n g s t a g e 
TL 419 
T i g r e " S " 
Muskox " S " 
D e l f i n 
HD 1982 (wheat) 
R u s s i a n Rye 
T .45 
8.00 
7.89 
8.49 
7 .89 
7 .56 
8.49 
8 .98 
8.68 
9 . 6 3 
8.60 
8 .00 
8.00 
8 . 3 5 
8.06 
9. 10 
8 .03 
7 .86 
6.59 
7 . 6 3 
7 .29 
7 .69 
7 .50 
7 . 0 5 
7 , 6 3 
8 .24 
7 .98 
8 . 7 3 
8 .01 
7 . 6 2 
Mean 7 . 8 8 8 . 7 3 8 . 2 3 7 .29 
C D . a t 5X I Sowing d a t e 0 . 293 V a r i e t y 0 .359 S. D. X V N. S. 
TL 419 
T i g r e " S " 
Muskox " 3 " 
D e l f i n 
HD 1982 (whea 
R u s s i a n Rye 
I t ) 
14.68 
16.43 
14.00 
18,49 
12.37 
12.09 
Heading s t a g e 
17.80 15.00 
18 .93 16.63 
16.67 14.69 
20 .23 17 ,95 
14,69 13,00 
13.52 11.42 
12.80 
13 ,68 
11.17 
14.87 
11.42 
10.00 
15,07 
16,42 
14 .13 
17,89 
12,87 
11,76 
Mean 14,66 16,97 14,78 12,32-
C. D, a t 5X I Sowing d a t e 0 . 501 V a r i e t y ' 0 . 6 1 4 S. D. X V N. D, 
Milky g r a i n s t a g e 
TL 419 
T i g r e "S" 
Muskox "S" 
L e l f i n 
.-^ D 1982 (wheat) 
R u s s i a n Rye 
20,24 
21,00 
17,64 
22.29 
18 ,88 
17,90 
23.49 
24.06 
19.7 3 
25 .11 
21.67 
18 .58 
22.26 
2 2.-37 
17.06 
22.00 
20 .21 
17.66 
18 .25 
19.80 
14 .68 
18.79 
17,69 
16,00 
21.06 
21 .81 
17. 33 
22 .05 
19.61 
17. 54 
Mean 19.66 22 .11 
C D . a t 5X 1 
3 . D. Sowing d a t e 
V V a r i e t y 
N. 5. N o n - s i g n i f i c a n t 
Sowing d a t e 0. 556 
20.26 17,57 
V a r i e t y 0 . 6 8 1 S. D. x V 1.362 
N. B. A un i form b a s a l dose of 150 kg N, 30 kg P and 30 kg K/ha was a p p l i e d 
a t t h e t ime of sowing • 
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lowest dry weight and the value was statistically equal to that 
registered fox 10 December x rye. Interaction 10 November x 
Deifin gave 15,9% and 35,1% significant increase in dry weight 
over 10 November x wheat and 10 November x rye respectively, 
4»2.3 Leaf-nutrient contents 
The effect of sowing dates, and response of various 
varieties, regarding leaf-NPK content, was significant at all 
the growth stages. Interaction between sowing date and variety 
was also significant in most cases. Results are summarised 
below (Tables 17-19). 
4.2,3,1 Leaf~nitrogen content 
Leaf-N content was significantly affected by various 
sowing dates and varietal differences were also significant. 
However, interaction (sowing date x variety) was significant only 
at heading stage (Table 17), 
At all the stages, maximum value for leaf-N content 
was given by 10 November sowing. While 10 December sowing gave 
the lowest leaf-N content at all the stages, and the value was 
at par with that given by 25 October sowing, both at tillering, 
and heading stage; it was lowest at milky grain stage, 
10 November proved superior to 10 December by giving 21.^, 19.6% 
and 37,2% more leaf-N at tillering, heading and milky grain stage 
respectively. 
T a b l e 1 7 i E f f e c t o f s o w i n g d a t e s on l e a f n i t r o g e n c o n t e n t (%) o f t r i t i c a l e , w h e a t a n d 
r y e v a r i e t i e s a t t h r e e g r o w t h s t a g e s 
V a r i e t i e s 
2 5 O c t f t > e r 
S o w i n g d a t e s 
10 November 2S November 10 D e c e m b e r 
Mean 
TL -119 
T i j r e " o " 
KUSKOX " 5 " 
De 1 f i n 
HD 1982 (wnea 
R u s s i a n Rye 
t ) 
3 . ^15 
4 . 7 0 0 
4 . 4 2 3 
4 . 9 6 7 
5 . 6 4 2 
3 . 9 6 7 
Ti l l e r i no s t a g e 
3 . 9 6 9 J . 7 d H 
b . 6 15 5 . 2 9 3 
4 . 8 9 4 4 . 3 b 8 
5 . a B b 5 . l a ? 
6 . 7 3 2 5 . 8 8 6 
4 . 7 4 8 4 . 4 2 4 
3.1141 
4 . 7 6 4 
4 . 0 9 8 
• . . 9o7 
5 . 4 8 0 
3 , 8 5 4 
3. 578 
5 .093 
4 .443 
5 .252 
5 .935 
4 .248 
Mean 4 . 5 3 6 5.307 4 .823 4. 367 
J. a t 5% : Sowing d a t e • 0 . 3 3 5 
f 
TL 419 
T i g r e " 5 " 
y .uskox " S " 
D e l f i r . 
HD 1982 ( w h e a t ) 
R u s s i a n Rye 
3 . 9 6 7 
4 . C 2 0 
3 . 381 
4 . 358 
3 . 7 6 8 
3 . 6 1 0 
Va r 1 » t Y 0 . 4 1 1 
H e a d i n g s t a g e 
4 . 2 9 3 
4 . 4 2 3 
3 . 7 8 8 
5 . 6 4 2 
5^041 
3 . 9 6 7 
3 . 7 2 3 
3 . 6 0 1 
3 . 6 1 0 
4 . 8 2 9 
4 . 8 9 4 
3 . 8 5 4 
S. D. X V I,'. S. 
3 . 8 5 4 3 . 9 5 9 
3 . 3 8 2 3 . 3 5 7 
2 . 6 2 9 3 . 4 0 2 
4 . 4 2 3 4 . 8 1 3 
4 . 8 36 4 . 6 40 
3 . 3 6 7 3 . 7 0 0 
Mean 3.854 4 ,523 4 .085 3 .782 
C. D. a t 5X 1 5owin',- d a t e 0 . 2 1 9 V a r i e t y 0 . 2 6 0 3 . L. X V 0 . 535 
M i l k v g r a i n sta- . je 
TL 419 
T i g t e " S " 
Kuskox " S " 
D e l f i n 
KD 1982 ( w h e a t ) 
R u s s i a n Rye 
2. 422 
2 . 4 3 7 
3 . 0 0 0 
3 , 279 
3 . 0 1 2 
3 . 1 1 0 
Mean 2.877 
3 . 2 3 8 
3 . 8 1 0 
3 . 7 9 5 
4 . 4 1 4 
4 . 0 0 0 
3 . 4 3 4 
3.782 
2 . 7 b 9 
2 . 9 8 1 
2 , 8 7 5 
3 . 7 6 0 
3 . 3 6 2 
3 . 300 
3 . 1 7 8 
2 . 0 0 5 
2 . 2 0 3 
2 . 6 3 6 
3 , 0 1 5 
2 , 8 0 0 
2 . 7 9 0 
2 . 57 5 
2 . 6 1 4 
2 . 8 58 
3 , 0 7 7 
3 . 6 1 7 
3 . 2 9 4 
3 . 159 
C D . a t 554 I 
S, D. S o w i n g d a t e 
V V a r i e t y 
N. S. N o n - s i g n i f i c a n t 
Sowlng da t e 0 .26 4 V a r i e t y 0 . 3 2 3 S. D. x V N. S. 
N. a . A u n i f o n r , b a s a l d o s e o f 150 kg N, 30 kg P a n d 30 kg K/ha was a j . p l i e d 
a t t h e t i m e o f s o w i n g 
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Regarding response of different varieties for leaf-N, 
wheat gave the highest value at tillering stage, however, it was 
closely followed by Delfin which was at par with Tigre "S", But 
at heading and milky grain stage, Delfin gave maximum value and 
was at par with wheat. On the other hand, TL 419 and Muskox "S" 
gave the lowest content of leaf-.N;at tillering and heading stage 
respectively, but at milky grain stage TL 419, equalled by 
Tigre "S", gave minimum value, Delfin gave 1,% and 30,1% more 
leaf-N content than wheat and rye respectively at heading stage, 
while at milky grain stage, Delfin gave 14,5^ higher N content 
than rye. 
With regard to the interaction effect (significant at 
heading stage only), maximum value for leaf-N was exhibited by 
10 November x Delfin, whereas, the lowest leaf-N content was 
given by 10 December x Muskox ^S,^, value being critically 
different from those of all other interactions. The leaf-N 
content in 10 November x wheat and 10 November x rye was surpassed 
by 10 November x Delfin to the tune of 11.9% and 42.2% 
respectively. 
4.2.3.2 Leaf-phosphorus content 
The effect of sowing dates, response of varieties and 
the interaction between sowing date and variety were significant 
at all the growth stages for leaf-P content (Table 18). 
Table 18i Effect of sowing dates on leaf phosphorus contpnt (X) of triticale, wheat and 
rye varltles three growth stages 
Varie t ies 
Sowing dates 
25 October 10 November 25 November December 
Msan 
TL,419 
T i g r e ' 'S" 
Muskox "S" 
D e i f i n 
HD 1982 (whea 
R u s s i a n Rye 
t] 
0 . 550 
0 . 591 
0 . 479 
0 .606 
0 . 5 9 1 
0 . 4 3 5 
T i l l e r i n g s t a g e 
0 .582 0 . 5 5 8 
0 .636 0 .550 
0 .558 0 . 4 3 5 
0.7 56 0.687 
0 .46 4 0 .506 
0 .479 0 .4 59 
0 .429 
0 .460 
0 . 3 0 8 
0 . 5 6 8 
0 .500 
0 .396 
0 .530 
0 . 559 
0 . 445 
0 .664 
0 . 561 
0 .442 
Mean 0 .549 0 .610 0 . 533 0 . 4 4 3 
C D . a t S% I Sowing d a t e 0 .022 V a r i e t y 0 .027 S. D. X V 0 . 0 5 5 
Heading s t a g e 
TL 419 
T i g r e "S" 
MusVox " S " 
D e l f i n 
HD 1982 (whea 
R u s s i a n Rye 
i t ) 
0 . 3 50 
0 .406 
0 .369 
0 .406 
0 . 3 7 5 
0 . 3 3 5 
0 .49 4 
0 .492 
0 .479 
0 .479 
0 .38S 
0 . 3 6 5 
0 .251 
0 .412 
0.3B5 
0 .396 
0 . 3 5 5 
0 . 304 
0 . 2 7 5 
0 . 396 
0 . 300 
0 . 3 2 1 
0 .326 
> 0 .290 
0 . 3 4 3 
0 . 427 
0 . 383 
0 .400 
0 .360 
o.:^24 
Mean 0 .37 3 0.449 0 . 3 5 1 0 . 318 
C. D. a t 5X » Sowing d a t e 0 .020 V a r i e t y 0 .0 25 S. D. X V 0 .049 
Milky g r a i n s t a g e 
TL 419 
T i g r e " S " 
Muskox " S " 
D e l f i n 
HD 1982 (whea 
R u s s i a n Rye 
I t ) 
0 . 0 8 3 
0 .110 
0 .144 
0 .208 
0 .156 
0 .127 
0. 181 
0 . 2 9 1 
0 .138 
0 . 2 9 1 
0 .181 
0 .176 
0 . 1 2 1 
0 . 2 0 8 
0 .156 
0 .204 
0 . 1 3 5 
0 . 1 8 1 
0 . 104 
0 .129 
0 . 1 2 1 
0 .156 
0 .162 
0 .104 
0 .122 
0 . 1 8 5 
0 .140 
0 . 2 1 5 
0 .159 
0 .147 
Mean 0 . 1 3 8 0 .210 0 .168 0 ,129 
C D . a t 5X 1 
S. D. Sowing d a t e 
V V a r i e t y 
Sowing d a t e 0 .022 V a r i e t y 0 .027 S. D. X V 0 .054 
N. B. A uni form b a s a l dose of 150 kg N, 30 kg P and 30 kg K/ha was a p p l i e d 
a t t h e t ime of sowing 
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The 10 November sowing gave the maximum leaf-P content 
at all the stages. On the contrary, sovdng on 10 December gave 
the minimum ieaf-P content at tillering and heading stage. 
However at milky grain stage, the value registered for 25 October, 
was equal to the lowest value recorded for 10 December sowing. An 
increase in leaf-P content of 37.7%, 41,2% and 62,8% over 
10 December sowing at tillering, heading and milky grain stage 
respectively was recorded in 10 November sowing. 
Regarding varieties, Delfin showed the maximum leaf-P 
content at tillering and milky grain stage, while at heading 
stage, Tigre "S" surpassed all other varieties. Moreover, at 
this stage, Delfin equalled by Muskox "S", was the second best, 
Qr\ the other hand rye, equalled by Muskox "S" at tillering stage 
and by TL 419 at heading stage, gave the lowest value. At milky 
grain stage, the least value was given by TL 419 which was equal 
to those of rye and Muskox "S", Delfin gave 18.4%, 11,1% and 
35.2% higher content of leaf-P than wheat and 50,2%, 23,4% and 
46,2% than rye at tillering, heading and milky grain stage 
respectively, Tigre "S" excelled wheat and rye by 18,6% and 
3 1 , ^ respectively at heading stage. 
Regarding interaction (sowing date x variety), maximum 
leaf-P content was given by 10 November x Delfin at tillering 
stage. Conversely, 10 December x Muskox "S" gave the lowest 
value. 10 November x Delfin gave 62.9% and 57.8% higher leaf-P 
content than 10 November x wheat and 10 November x rye 
I 99 t 
respectively. At heading stage, 10 November x XL 419 gave 
raaximum value, but it was equal to those for 10 November x 
Tigre "S", 10 November x Muskdx "S" and 10 November x Delfin, 
The lowest value at this stage was given by 25 November x TL 419 
and was at par with those given by 10 December x TL 419, 
10 December x Muskox "S" and 10 December x rye. The values given 
by 10 November x Delfin and 10 November x TL 419 surpassed those 
attained by 10 November x wheat and 10 November x rye by 24.^ 
and 31,2%; and 28.3% and 35,3% respectively. At milky grain 
stage, the interaction 10 November x Delfin gave maximum value 
which was equal to 10 November x Tigre "S", Lowest value at this 
stage was given by 25 October x TL 419j however, it was 
statistically equal to those given by eight other interactions, 
including 10 December x TL 419^ 10 December x Muskox "S" and 
10 December x rye. The interaction 10 November x Delfin gave 
60,8% and 65,3% more leaf-P content than those given by wheat and 
rye when sown on 10 November, 
4.2.3.3 Leaf^potassium content 
The effect of various sowing dates and response of 
different varieties as well as the interaction between sowing 
date and variety was significant with regard to leaf-K content 
at all the growth stages (Table 19). 
Maximum leaf-K content was obtained in 10 November 
sowing at all the stages, whereas, the effect of 10 December 
Table 19l E f f e c t of sowing d a t e s on l e a f p o t a s s i u m c o n t e n t (X) of t r i t l c a l e , - wheat and 
rye v a r i e t i e s a t t h r e e growth s t a g e s 
V a r i e t i e s 
25 October 
Sowing dates 
10 November 2 5 November 10 December 
Mean 
TL 419 
T i g r e "S" 
Muskox " S " 
D e l f i n 
HD 1982 (whea 
R u s s i a n Rye 
.t) 
6 .736 
7 .563 
7 .069 
7 .931 
6.67 6 
5.368 
T i l l e r i n g s t a g e 
7 .414 6 .678 
8 .678 7 .163 
8 ,458 7 . 7 1 3 
10.196 9 .426 
B.609 7 .778 
6 . 3 0 1 5.7 59 
6 .678 
6 .710 
6. 126 
7 . 6 2 3 
6 . 172 
4 .398 
6.877 
7 . 529 
7 .342 
8 .794 
7 .309 
5.456 
Mean 6 .891 8,276 7 .420 6 . 2 8 4 
d . D. a t 55t I Sowing d a t e 0 ,307 V a r i e t y 0 ,376 S. D, X V 0 .7 52 
TL 419 
T i g r e "S" 
Muskox " S " 
D e l f i n 
HD 1982 (wheat) 
R u s s i a n Rye 
5.260 
5.623 
5.496 
6 .87 4 
5.56 3 
5.223 
Heading s t a g e 
5.172 4.874 
6 .718 5.874 
6.356 5.874 
8.448 6 .616 
6.517 5.674 
5,563 5.067 
4. 172 
4. 563 
4.716 
5.7 59 
4 .612 
3,768 
4,836 
5,570 
5,611 
6 ,924 
5.59 2 
4 ,905 
Mean 5 ,651 6, 379 5.66 3 4 ,598 
C. D. a t 5X 1 Sowing d a t e 0 . 264 V a r i e t y 0 . 3 2 3 S. D. x V 0 .647 
Milky g r a i n s t a g e 
TL 419 
T i g r e " S " 
Muskox "S» 
D e l f i n 
HD 1982 (wheat) 
R u s s i a n Rye 
3,763 
4,312 
3 .871 
4.013 
3 | l 0 1 
3.400 
4.879 
5.000 
5.601 
4.772 
5.40 3 
4.730 
4.119 
4 ,701 
3, 120 
4 ,631 
3.463 
3. 179 
2 . 7 8 5 
3 ,101 
2 ,888 
3 ,001 
2,700 
2 ,783 
3.887 
4,279 
3.870 
4.10 4 
3,667 
3,523 
3 , 7 4 3 5.064 3.a69 2,tj67 
C D . a t 5i 
S. D. Sowinc d £ t e 
V V a r i e t y 
Sowinc d a t ' 0 .221 V a r i e t y 0 .270 S. D. X V 0.54O 
, B. A uniform basa l dose cf 150 kc •:, 30 ko P nncl 30 kc K/tia was a p p l i e d 
a t t ne t ime of sowinc 
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sowing resulted in poorest value at all the stages. Plants 
obtained in 10 November sowing possessed 31,79^ , 38.7% and 76.1% 
higher leaf-K content than those in 10 December sowing at 
tillering, heading and milky grain stage respectively. 
Regarding varietal response, Delfin proved best at all 
the stages; but at milky grain stage, it was equalled by 
Tigre "S", On the contrary, rye gave the lowest value at all the 
stages; but at heading and milky grain stage, it was equalled by 
TL 419 and wheat respectively. Delfin gave 20.3%, 23.8% and 
11.9% higher leaf-K content than wheat and 58,6%, 41.2% and 16.5%, 
than rye at tillering, heading and milky grain stage respectively, 
whereas at milky grain stage, Tigre "S" surpassed wrtieat and rye 
by 16.7% and 21,^ respectively. 
Among interactions, 10 November x Delfin gave the 
optimum values both at tillering and heading stage. Whereas, at 
milky grain stage, 10 November x Muskox "S", equalled by 
10 November x wheat, gave the highest value. Rye, sown on 
10 December, gave lowest value at tillering stage; however, at 
heading stage, it was at par with 10 December x TL 419. The 
lowest value at milky grain stage was noted in 10 December x 
wheat, which was at par with those given by eight other 
interactions, including 10 December x rye. The interaction 
10 November x Delfin gave 18,^ and 29.6% more leaf-K content 
than 10 November x wheat, and 61.8% and 51.9% more than 
10 November x rye at tillering and heading stage respectively. 
S 101 t 
In case of milky grain stage, 10 November x Muskox "S" gave 
18.-^ more ieaf-K content than 10 November x rye, 
4,2,4 Yield Characteristics 
Among yield attributes, ear number, ear weight, ear 
length, spikelet number, grain number, 1,000 grain weight, grain 
yield, straw yield and harvest index, were studied at harvest. 
The effect of sowing date as well as varietal response were 
significant for each parameter studied. The effect of 
interaction (sowing date x variety) was also significant for all 
the parameters. Highlights of the data are briefly given below 
(Tables 20-28), 
4,2.4.1 Ear number 
Maximum number of ears was produced by the plants sown 
on 10 November whereas 10 December sowing gave the lowest value, 
which were critically different from those given by sowing on 
other dates. Sowing on 10 November resulted in 39.6% more ears 
than that on 10 December. 
Regarding the varietal response, Delfin produced the 
maximum number of ears. The lowest value was given by rye, which 
was equal to that for Muskox "S". Variety Delfin produced 30.4% 
more ears than wheat and 44.^ more than rjre. 
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With regard to the interaction established between 
sowing date and variety, the maximum number of ears was obtained 
in the interaction 10 November x Delfin, On the other hand, the 
minimum value was exhibited by 25 November x rye, which was at 
par with those given by seven other interactions, including 
10 December x rye. Wheat and rye, sown on 10 November, were 
surpassed by Delfin by 36.6% and 51,7% respectively when sown on 
the same date (Table 20), 
4.2,4.2 Ear weight 
Maximum weight of the ear was obtained in 10 November 
sowing, whereas 10 December gave lowest weight. The effect of 
10 November sowing resulted in plants having 46,9% more weight 
of the ear than those in 10 December sowing. 
With regard to varieties, Delfin proved best, but was 
at par with Tigre "S" and TL 419, Rye «howed the poorest response 
and the value differed critically from those given by all other 
varieties. The value registered for Delfin was 23,9% and 41,2% 
higher than those for wheat and rye respectively. 
As far as the effect of interaction was concerned, 
Delfin proved best when sown on 10 November, but the value was 
at par with those shown by Tigre "S" and TL 419, sown on the same 
date. However wheat, equalled by rye, gave the lowest weight of 
the ear when sown on 10 December, The interaction 10 November » 
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Delfin gave 21.6^ 6 and 44,l5l9 more ear weight than 10 November x 
wheat and 10 November x rye respectively (Table 21). 
4.2.4.3 Ear length 
Maximum value for ear length was registered for 
10 November, whereas 10 December (equalled by 25 November) sowing 
produced the shortest ears. The value given by 10 November was 
10,0?i more than that given by 10 December sowing. 
Delfin possessed the maximum length of ear among all 
the varieties. On the other hand, the lowest value was given 
by rye. Wheat and rye were excelled by Delfin by 15.2% and 
27,3% respectively. 
Among various interactions, maximum ear length was 
given by 10 November x Delfin; but the value was at par with 
that given by 25 October x Tigre "S". On the other hand, 
shortest ears were given by 10 December x rye, but the value was 
equal to that regisj^ ered for 25 November x rye, DeJfin, when 
sown on 10 November, gave 17.3% and 28,4% more ear length than 
wheat and rye when sown on 10 November (Table 22), 
4.2.4.4 Spikelet number 
Sowing on 10 November proved optimum for number of 
spikelets, while that on 10 December resulted in the plants with 
lowest number of spikelets. The two values differed critically 
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from those given by all other dates. Plants obtained by sowing 
on 10 November gave 14.3% more spikelets per ear than those 
obtained by sowing on 10 December. 
Delfin produced the maximum number of spikelets among 
all the triticales, although it is noteworthy that rye gave the 
highest value among all the cultivars tested. On the other 
hand, wheat had lowest number of spikelets. 
Among all the interactions, 10 November x rye proved 
best, with 10 November x Delfin following it. Conversely, 
10 December x wheat, equalled by 25 October x wheat, gave the 
minimum number of spikelets, 10 November x Delfin gave 4 9 , ^ 
more spikelets than 10 November x wheat (Table 23), 
4,2,4,5 Grain number 
Like the effect on spikelet number, grain number/ear 
was maximum in 10 November sowing and minimum in 10 December 
sowing. The values recorded for both these dates were critically 
different from those noted for all other dates. The value given 
by 10 November was 16,0^ more than that registered for 
10 December sowing. 
Regarding varieties, however, the picture was different 
from that noted in case of spikelet number. Maximum number of 
grains was produced by Tigre "S", which was followed by Delfin, 
On the other hand, rye gave the lowest value, Delfin and Tigre "S" 
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gave 10.3% and 14.1%, and 19.8% and 24.0% more grains than wheat 
and rye respectively. 
Among different Interactions, 10 November x Tigre "S" 
proved optimum. However the value given by this Interaction was 
equal to those given by 10 November x Oelfin and 25 November x 
Tigre "S". While TL 419, sown on to December, equalled by rye 
sown on the same date, gave the lowest value for grain number, 
10 November x Delfin exceeded 10 November x wheat and 
10 November x rye by 5,3% and 16o8%, while 10 November x Tigre "S" 
surpassed the two parents by 7.2% and 19.0% respectively 
(Table 24). 
4.2,4,6 1,000 grain weight 
The 10 November sowing proved optimian for 1,000 grain 
weight, whereas the lowest value was given by 10 December sowing. 
Both differed critically from all other dates in this respect. 
The increase in the weight of 1,000 grains noted in the 
10 November sowing over that in 10 December sowing was 16,0%. 
Delfin proved best among all the varieties. Minimum 
value for 1,000 grain weight was given by rye. Wheat and rye 
were surpassed by Delfin by 9,0% and 106,1% respectively. 
Maximum weight of 1,000 grains was obtained due to 
10 November x Delfin, whereas rye, sown on 10 December equalled 
by rye sown on 25 November, gave lowest value. The value for 
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10 November x Delfin was 1 2 . ^ and 108.7% more than those noted 
for wheat and rye respectively when each of them was sovm on 
10 November (Table 25). 
4.2.4.7 Grain yield 
The effect of sowing date on grain yield was 
significant. Sowing on 10 November proved optimum for grain 
yield. Whereas, 10 December gave significantly lowest value. The 
increase in grain yield in 10 November sowing over 10 December 
sowing was 19,^, 
Delfin proved best for grain yield among all the 
varieties tested. It was followed by Tigre "S" wdiich was equal 
to wheat. Whereas rye, with a value differing critically from 
those for the remaining varieties, gave minimum grain yield. 
Wheat and rye were excelled by Delfin by 12,6% and 94,0% 
respectively. 
As far as interaction effect was concerned, 10 Novemberx 
Delfin gave maximum value. Contrary to this, 10 December x rye 
gave minimum grain yield. The effect of 10 November x Delfin was 
19,22% and 88,0% superior to those of 10 November x wheat and 
10 November x rye respectively (Table 26), 
4.2.4.8 Straw yield 
Like the effect of sowing date on grain yield, 
c 
(0 
+» 
(0 
(U 
H 
n) 
u 
0 
Oi 
4J 
•H 
% 
c 
•H 
<d 
M 
D> 
O 
O 
O 
« H 
c 
0 
0} 
ii (0 
•o 
01 
B 
•H 
S 
0 (0 
tw 
0 
•p 
CJ (U 
•u 0) 
Q) 
r; 
<a 
x: 
+» (0 
a 
<u 
^ 
0) 
•H 
V4 
(0 
> 
in 
<o 
H 
S 
a 
(0 
•D 
D) 
C 
O 
CO 
E 
0 
o 
ii 
E 
I 
in 
E 
0) I 
U 
o 
• p 
CM 
0^  
0> 
CM 
CM 
* 
vo 
^ 
• 
rH 
"tf 
O 
o 
• H 
'tf 
s 
• 
o\ 
rt> 
s? 
• 
»n 
-* 
\0 
o 
« 
"* CM 
R; In 
• 
If 
^ 
o\ 
o 
• 00 
<n 
H 
5: 
00 
5 
§ 
in 
*' 
^ 
' * 
• 
r«« M 
o\ 
Ol 
• 
•«* 
^ 
0\ (M 
• H 
"<}« 
t-4 VO 
in ^ 
in • CO in 
^0 
« 
w s 
0\ 
H fl) 
^ u t3» 
»4 -H 
EH EH 
8 
to 
8 
X 
5 
1 
s: 
IM 
s 
CM 
c>» m fo o »H CM NO ^ en r*-
CM 
m 
CM 
CM vo *n <j\ vo en 
M CM ^ CO H v o 
• * • • • • 
in fo o\ CO <o ^ 
« * ^ r o " * TJ" CM 
•p (d 
Q> 
sz 
» 
« > l ^ 
CJ 
00 
0\ 
TH 
Q 
E 
^ 
^ Oi 
C 
Id 
•H 
(0 
w 3 
tf 
CO 
00 
* 
1-4 
o 
t 
CM 
o 
CM 
> 
X 
CO 
o 
CM 
O 
:5 
en 
ro 
00 
• 
O 
(0 
•D 
D> 
C 
1 
CO 
m 
•P 
10 
o to > 
•H 
H 
a 
Id 
« 
Id 
Id 
o> 
4i 
o 
en 
? 
Id 
O 
pq 
« 
c 
a 
•M 
(0 
H 
(0 
o 
•H 
HA 
O 
rO 
0) 
c 
•H (0 
u 
en 
C 
O +» 
(0 
to <u 
0) > 
4J U 
m m Ts x: 
D» +> 
C (0 
•H 
0 0) 
« -H 
+» 
tM (U 
0 -H 
0 
43 
s 
u 
> 
u 
c 
(0 
c 
o 
^ 
E (1) 
u a 
o 
t-1 
•* 
o 
• ri 
"<* 
O 
o 
-• 
w 
xj* 
o 
o t 
§ 
o> 
CM 
• 
m 
^ 
« 
w f 
CM 
"* 
O 
Cft 
• 
«^  OJ 
E 
I 
in 
i 
o 
o 
•M 
8 
in 
CM 
o 
• 
t>j 
•* 
s 
• 
in 
-"J" 
o 
CM •
rn 
^ 
in 
• 
s? 
00 
CO 
• 
' t 
• < * 
in 
o 
• 
VO 
CM 
0\ 
•* 
• 
m tp 
M 
CJ 
• VO 
-d" 
H 
<n 
• 
•<> 
«* 
CNj 
r-
• CM 
m 
t* 
H 
• t f 
•^ 
«-4 
m 
• in CM 
o 
CM 
in 
o 
o r* 00 
• in 
f> 
fO 
« 
5; 
CM 
H 
•• 
^ 
CM 
in 
• 
o 
in H r-l CM O t^ 
O H U) f* O ** 
• • « • • « 
H « n CM . CO l A VO 
<s]> -tf < i ^ - t CM 
<7\ 
H 
-* 
!^  
e^  
e 
to s 
g 
D> 
•H 
B 
i » 
>< 
0 
AJ 
to 0 g 
C! 
•H 
«« H 
n 
4J 
(0 
Q) 
s 
«M^ 
CM 
CO 
m 
rH 
Q 
K 
1, 
oi 
c n> 
•H (0 (0 
3 o: 
00 
O 
CM 
O 
VO 
t - l 
a 
(0 
I 
r4 
> 
VO 
• 
o 
5; 
in 
« 
o 
(6 
(0 
•rl 
It) 
c 
U 03 > 
^ 
41 
(0 
* 
Q 
S 
# 
a 
0) 
5' 
o 
ro 
C 
m 
o 
en 
VM 
o 
o a 
-o o 
m 
H 
fl3 VW 
03 0 
5 
o 
S +» 
< «0 
I 107 t 
critically different values for straw yield were recorded as a 
result of the effect of each sowing date. Sowing on 10 November 
proved optimum for straw yieldf while the 10 December sowing gave 
lowest value in this regard. The 10 November sowing gave 11,3% 
more straw than that recorded for 10 December. 
Values for different varieties were critically 
different from each other. Of the various cultivars, TL 419, 
followed by Delfin, produced maximuon straw. On the other hand, 
rye gave the lowest value. Wheat and rye were excelled by TL 419 
by 11,7% and 2 5 , ^ respectively and by Delfin by 10.2% and 23.8% 
respectively, 
Among the interactions, maximum straw was produced by 
TL 419 when sown on 10 November, 25 October x rye gave the least 
value, which was statistically equal to those recorded for 
25 November x rye and 10 December x rye, 10 November x TL 419 and 
10 November x Delfin produced 16,9% and 10,fl% more straw than 
10 November x wheat and 33,3% and 26,^, than 10 November x rye 
respectively (Table 27), 
4,2,4,9 Harvest index 
Sowing on 10 November proved optimum for harvest index. 
Whereas 10 December, differing critically from the other dates, 
showed the lowest value. The value recorded for 10 November was 
6,1% more than that for 10 December, 
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In case of varieties> Delfin gave the highest, and rye 
the lowest, value for harvest index, each differing critically 
from those given by all other varieties. Wheat, equalled by 
Tigre "S", was next in this regard, Delfin exhibited 1,8?^  and 
4 1 , ^ higher harvest index than wheat and rye respectively. 
Regarding the effect of interaction (sowing date x 
variety), maximum value for harvest index was given by 
10 November x Delfin, while the lowest value, which was 
critically different from those of all other interactions, was 
given by 10 December x rye. The increase manifested by the 
effect of to November x Delfin was 5 , ^ and 3 4 , ^ more than for 
10 November x wheat and 10 November x rye respectively (Table 28), 
4,2,5 Quality characteristics 
After harvest, the quality of the various cultivars 
was assessed by determining their grain protein and carbohydrate 
content. In addition, per hectare yields of protein and 
carbohydrate were also computed. The effect of different sowing 
dates and response of various varieties were significant for all 
these parameters. The interaction between sowing date and 
variety mi also significant, except for grain carbohydrate 
content. The results are briefly described below (Tables 29-32), 
4,2,5,1 Grain protein content 
Maximum protein content of the grain was obtained in 
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10 November sowing. However, It was equalled by the value for 
25 November sowing. Early sowing (29 October) resulted in plant 
with lowest grain proteinj but the value was equal to those for 
25 November, and 10 December sowing. The best date (10 Novembej 
gave 3.0^ more content of grain protein than that noted for 
25 October, 
Mong different cultivars, Delfin gave maximum value 
for protein content of the grain. On the other hand, MuskOK "S' 
showed poorest response, and the value differed critically from 
those recorded for all other cultivars, except rye, Delfin gave 
10,91^  and 20,6% higher grain protein content than vi^ eat and rye 
respectively, 
10 November x Delfin proved optimum among all 
interactions. While 10 November x Muskox "S", equalled by 
25 October x Muskox "S" and 10 December x rye, gave the lowest 
value. 10 November x Delfin resulted in 40,6% and 2l,59i higher 
grain protein content than w^eat and rye respectively when each 
was sovm on 10 November (Table 29), 
4,2,5,2 Grain protein yield 
The effects of sowing dates on grain protein yield 
differed critically from each other. 10 November, showing the 
maximum value, gave 22, S^ more grain protein yield than 
10 December, which gave the least value. 
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Like the effect of sovdng date, the values recorded 
due to the varietal response were critically different from each 
other and Delfin gave highest protein yield. The lowest value 
was given by rye. Delfin produced 26,6!?^  and 135.3% more protein 
per hactare than wheat and rye respectively. 
Regarding the interaction effect, 10 November x Delfin 
gave significantly maximum value, while 10 December x rye gave 
significantly least value. 10 November x Delfin proved 67,7% 
and 128.4^ superior to 10 November x wheat and 10 November x rye 
respectively in this regard (Table 30). 
4.2.5,3 Grain carbohydrate content 
Maximum grain carbohydrate content was given by 
10 November sowing. However, the effect exhibited by 25 October 
and 25 November sowing was equal to that of 10 November sowing. 
Likewise, the effect of 10 December sowing, giving the lov/est 
value, was equal to that of 25 October and 25 November sowing. 
10 November gave 7.0% more carbohydrate content of grain than 
10 December. 
Regarding varieties, the highest value was given by 
Delfin. Rye, on the contrary, gave the lov;est value. The 
increase recorded for Delfin over those for wheat and rye was 
7.7% and 13.9% respectively. 
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The interaction between sowing date and variety was 
not significant for carbohydrate content of grain (Table 31). 
4,2,5»4 Grain carbohydrate yield 
The values, obtained for grain carbohydrate yield due 
to the effect of sowing dates, were critically different from 
each other. Sowing on 10 November gave the maximum and on 
10 December, the minimum value. Grain carbohydrate yield/ha 
recorded for 10 November was 20,8^ more than that recorded for 
10 December. 
Regarding varieties, Delfin gave the maximum yield of 
carbohydrate. Rye, on the other hand, was the poorest in 
response. Delfin gave 21.2% and 120,9% higher carbohydrate 
yield than wheat and rye respectively. 
Maximum carbohydrate yield was given by 10 November x 
Delfin. On the other hand, the interaction 10 December x rye 
gave the least value which critically differed from those for 
all other interactions. 10 November x Delfin produced 28.6% and 
114,^ more grain carbohydrate/ha than those given by 
10 November x wheat and 10 November x rye respectively (Table 32), 
^•3 Experiment 3 
The effect of five seeding rates (50, 75, 100, 125 and 
150 kg seed/ha) on the perfoiaance of four triticales (TL 419, 
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Tigre "S", Muskox "S" and Delfin), along with one cultivar each 
of wheat (HD 1982) and rye (Russian Rye), was studied in this 
experiment. In addition, the effect of interaction between 
seeding rate and variety was also observed. Assessment of the 
performance of these cultivars was based on population count 
(number of plants/sq m), carried out after one month of sowing| 
growth characteristics and leaf-nutrient content, studied at 
tillering, heading and milky grain stage of growthj and yield 
and quality attributes, determined at harvest. The data of this 
experiment are briefly described below (Tables 33-54), 
4.3,1 Population count 
Population count was significantly affected by 
different seeding rates. Varietal differences as well as 
interaction (seeding rate x variety) were also significant in 
this regard (Table 33), 
A gradual increase in number of plants/sq m was 
observed with increase in seeding rates from 50 to 150 kg/ha, 
150 kg seed/ha exhibited 210,9% more plants/sq m than those 
recorded for 50 kg seed/ha. 
Regarding varieties, rye produced maximum number of 
plants, followed by wheat. However among the triticales, Delfin 
gave the highest value. On the other hand, TL 419, with a 
population density value differing critically from those for all 
other cultivars, proved poorest. 
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As far as the interaction between seeding rate and 
variety was concerned, all the varieties exhibited the highest 
value when sovm at the rate of 150 kg seed/ha, with 150 kg 
seed/ha x rye proving optimum, followed by 150 kg seed/ha x 
wheat and 150 kg seed/ha x Delfin, in that order. Conversely, 
the least value, recorded for each variety, was due to 50 kg 
seed/ha, TL 419, equalled by Muskox "S", gave the lowest value 
when each of them was sown with 50 kg seed/ha, 
4,3.2 Growth characteristics 
Grov^ rth characteristics, namely, shoot ler^th, tiller 
number, leaf number, fresh weight and dry weight were studied 
at tillering, heading and milky grain stage of growth. The effect 
of seeding rate as well as the response of different varieties 
were found significant at all the stages. Interaction effect due 
to seeding rate x variety was also significant in most of the 
cases. The data regarding different paraimeters of growth are 
briefly described below (Tables 34-38), 
4,3,2,1 Shoot length 
The effect of seeding rate, variety and interaction 
(seeding rate x variety) on shoot length were significant at all 
the stages (Table 34), 
T a b l e 34l E f f e c t of s e e d i n g r a t e s on shoot l e n a t h (cm) of t r i t i c a l e , wtient and rye 
v a r i e t i e s a t t h r e e yrowth s t a g e s 
V a r i e t i e s 
Seeding r a t e s (kq /ha) 
50 T- 100 125 150 
TL 419 
T i g r e " 5 " 
Muskox " S " 
D e l f i n 
HD 1982 i -.HT'-.t) 
Ru ss i sn Rye 
7 0 . 48 
8 0 , 7 4 
7 9 . 5 6 
9 3 . 6 2 
6d.bb 
10 b. 56 
6 5 , 51 
7 9 . 6 6 
7 5 . 4 8 
8 b . 3 2 
6 5 , 3 b 
9 9 , 4 4 
f i l l e r i n q s t a g e 
6 3 . 6 2 
7 6 , 44 
6 9 . 38 
8 2 , 19 
6 3 . 7 3 
9 6 . 32 
5 8 , 1 6 
7 4 , 6 4 
6 5 . 2 1 
7 8 , 8 5 
5 9 , 0 7 j 
9 1 . 2 9 
5 4 , 9 1 
7 1 . 0 4 
6 4 . 9 3 
7 6 . 7 0 
5 7 . 9 1 
B7 , 16 
6 2 , 9 1 
7 6 , 50 
7 0 . 9 1 
8 3 , 9 4 
6 2 . 9 4 
9 5 . 9 5 
Mean 83.10 78 .96 7 5.28 71 ,20 68 .76 
C D , a t 5% ! Seeding r a t e 0 .640 V a r i e t y 0 ,70 1 S.« . x V 1.56E 
TL 419 
T i g r e " 3 " 
Muskox " S " 
D e l f i n 
HD 1 9 8 2 ( w h e a t ) 
R u s s i a n Rye 
Mean 
1 1 2 . 6 8 
1 2 0 . 9 0 
• 1 1 8 . 54 
1 2 8 . 60 
1 0 9 . 2 5 
1 8 1 . 2 9 
1 2 8 . 5 3 
I 
1 1 0 . 7 0 
1 1 7 . 3 6 
1 1 5 . 6 8 
12 5 , 4 1 
1 0 6 . 7 2 
1 7 8 . 2 8 
1 2 5 . 6 9 
l e a d i n g s t a g e 
1 0 8 . 16 
l i s . 61 
J 1 5 . 4 5 
1 2 1 . 6 1 
1 0 4 . 8 1 
1 7 1 . 6 5 
1 2 2 . 5 5 
1 0 6 . 2 3 
1 1 2 . 4 3 
1 i n . 3 9 
1 1 8 . 7 6 
10 1, 46 
1 6 0 . 4 3 
1 1 8 . 2 8 
10 2 . 50 
1^9 .7 2 
l ' " '7 ,2 4 
1 1 5 , 7 5 
9 8 , 53 
1 5 4 , 7 1 
1 1 4 . 7 4 
ioe.o5 
1 1 5 . 2 0 
1 1 3 , 0 6 
1 2 2 . 0 1 
1 0 4 . 1 5 
1 6 9 . 2 7 
C D . a t 5% i Seeding r a t e 0 .857 V a r i e t y 0 .939 S. R. x V 2.100 
M l k y g r a i n s t a g e 
Tt. 419 115,43 112.73 109.70 1 0 5 . 2 9 103.40 139.31 
T i g r e " S " 130.67 128.39 125,28 120 ,63 119,87 124.97 
Muskox "S" 121.32 117.20 115.46 112.80 110.82 115.52 
D e l f i n 138.68 134.54 130.43 127.20 124 ,45 131.06 
HD 1982 (wheat) 111 ,45 109,69 104.79 106 .61 101,51 106,81 
R u s s i a n Rye 188,43 184,32 176.58 167,58 164,85 176 .33 
Mean 134.33 131.15 127.04 123.33 120.82 
C D . a t 5% 1 Seeding r a t e 0 .800 V a r i e t y 0 .877 S. R. x V 1.960 
S.R. Seeding r a t e 
V V a r i e t y 
K. S. A uniform b a s a l dose of 150 kg N, 30 kg P and 30 kg K/ha was a p p l i e d 
a t t he t ime of sowing 
J 1 1 4 J 
Vertical growth showed a linear decrease with 
increasing seeding rate. Each value differed critically from 
the other. The value, given by 50 kg seed/ha, was 20.9%, 112,0?S 
and 11.2?^  higher than that given by 150 kg seed/ha at tillearing, 
heading and milky grain stage respectively. 
Maximum length of the shoot was given by rye at each 
stage. However among triticaies, Delfin gave significantly 
highest value. On the contrary, shoot length of wrtieat was 
significantly minimum at heading and milky grain stage, while 
at tillering stage, it was at par with TL 419, 
With regard to the interaction effects, maximum shoot 
length at all the stages was given by rye when sown at the rate 
of 50 kg seed/ha. Minimum value was given by TL 419 and wheat 
at tillering and heading stage respectively when each of them 
was sown at 150 kg seed/ha, 150 kg seed/ha x wheat, equalled by 
150 kg seed/ha x TL 419, showed poorest performance at milky 
grain stage. 
4,3,2,2 Tiller number 
Significant effect of seeding rate was noted for 
tiller number at each stage. Varieties also responded 
significantly. However, the effect of interaction between 
seeding rate and variety was not significant at any stage 
(Table 35), 
T a b l e 35i E f f e c t of seedlncj r a t e s on t l J l e r numte r /p l f ln t of t r i t i c a l e , wheat and rye 
v a r i e t i e s a t t h r e e growth s t a g e s 
1 
V a r i e t i e s 
TL 419 
T i g r e " 3 " 
Muskox "S" 
D e l f i n 
HD 1982 (wheat) 
R u s s i a n Rye 
Mean 
50 
7 . 8 5 
8 .82 
7 . 39 
9 .00 
8. 45 
7 .70 
8.20 
Seeding 
7 5 
T l U e r l i 
6 .68 
7 . 8 1 
6 .23 
8 ,81 
7 .64 
6.19 
7 .23 
ra t e s ( kgA" a) 
100 
ng s t a g e 
6.00 
7 .40 
6.00 
7 .39 
6. 35 
5.63 
6 .46 
1 2 5 
5.14 
6 .12 
5. 40 
6 . 8 5 
5.67 
5.00 
6.70 
150 
5.05 
5.45 
4.76 
5.61 
5.00 
4 .41 
5.05 
Mean 
6. 14 
7 .12 
5.9 5 
7 . 53 
6 .62 
5,79 
C. D, a t 5% 1 Seeding r a t e 0 , 4 9 3 V a r i e t y 0 .540 S, R. X V N, S. 
C D . a t 5% I 
Heading sti'-gc 
TL 419 
T i g r e " S " 
Muskox " S " 
D e i f l n 
HD 1982 (wheat) 
R u s s i a n Rye 
Mean 
8. 44 
9. 40 
8 .71 
10. 51 
9 .60 
8.62 
9 .21 
7 .52 
8 .63 
7 .72 
9 .38 
8.33 
7 .50 
8.18 
6.49 
7 .99 
6 .72 
8.62 
7 .32 
6 .65 
7 . 30 
6.89 
6 .82 
6.7 5 
7 . 4 8 
6 . 1 1 
5.77 
6. 30 
5 .65 
5.99 
5. 12 
6 .46 
5.43 
5.41 
5.67 
6,80 
7,77 
6. dO 
8. 49 
7 , 36 
6.79 
Seeding r a t e 0 . 393 V a r i e t y 0 . 4 3 1 S, R, X V N, S,, 
Milky g r a i n s t a g e 
TL 419 
T i g r e "S" 
Muskox °S" 
D e l f i n 
HD 1982 (wheat) 
R u s s i a n Rye 
Mean 
9 ,23 
10, 16 
8.74 
10.6 4 
9 . 7 3 
9 .19 
9 .62 
7 .68 
9 . 32 
7 .68 
9 ,58 
8 .65 
8.10 
8, 50 
7 .08 
8.29 
7 . 2 1 
8.76 
7 .78 
6.76 
7 .64 
5.83 
6 .68 
6. 18 
7 . 5 6 
6 .73 
5.50 
6 . 4 1 
5 .25 
6 .12 
5.54 
6.7 2 
6 .26 
5.26 
5.86 
7 . 0 1 
8. 11 
7.07 
8 . 6 5 
7 ,83 
6 .96 
CD. at 5% I 
S. R Seeding rate 
V Variety 
N. S. N o n - s i g n i f i c i n t 
Seeding r a t e 0 . 310 V a r i e t y 0 .339 S. R. X V N. S, 
N, B, A uniform basal dose of 150 kg N, 30 kg P and 30 kg K/ha was applied 
at the time of sowing 
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At all the stages, values obtained due to the effect 
of seeding rate fox tiller number were statistically differe:at 
from each other, vdth 50 kg seed/ha proving optimum at each 
stage, Thereabove, the increase in seeding rate decreased the 
values gradually. Increase in the value due to 50 kg seed/ha 
over that registered for 150 kg seed/ha was 62,4%, 62,4% and 
64,2% at tillering, heading and milky grain stage respectively. 
Regarding the varietal response, Delfin exceeded all 
the varieties at each stage. On the other hand, rye (equalled 
by TL 419 and Muskox "S") gave the minimum number of tillers at 
each stage. The value recorded for Delfin was 13#7%, 15,^ and 
10,5% higher than that for wheat, and 30.1%, 25.C% and 24.39i;, 
than that for rye at tillering, heading and milky grain stage 
respectively, 
4,3,2,3 Leaf number 
Manifestation of the effect of seeding rate, response 
of varieties and effect of interaction (seeding rate x variety) 
was significant for leaf number at all the stages (Table 36), 
Different seeding rates resulted in critically 
different values for leaf number at all the stages. Maximum 
value was given by 50 kg seed/ha at each stage. Seeding rates 
above 50 kg/ha caused the values to decrease gradually, with 
150 kg seed/ha showing the minimum value at all the stages. 
Table 36: Ef fec t of s eed ing r a t e s on l e a f nu: b e r / p l a n t of t r i t i c a l e , wheat and rye 
v a r i e t i e s a t t n r e e growth s t a g e s 
TL 419 
T i g r e " S " 
Muskox " S " 
D e l f i n 
HD 1982 (wheat) 
R u s s i a n Rye 
Mean 
50 
20 .15 
21.69 
18. 3 2 
23.68 
20. 3 2 
18.00 
20. 36 
Seedi n;j 
7 5 
T i l l e r i r 
19.84 
20. 5 3 
17. 10 
21 .65 
19.64 
17. 31 
19.35 
r a t e s (kg /ha) 
loo 
ig s t a g e 
18.65 
19. 46 
16, 30 
18.27 
18.70 
17, 58 
18.16 
125 
17.00 
17.65 
14.69 
18.73 
17. 32 
15. 15 
16.76 
150 
16 .13 
15.61 
14.00 
17.29 
16.18 
14.60 
15.64 
Mean 
18. 35 
18.99 
16 ,08 
19„92 
18,. 43 
16, 53 
C D . a t 5X I Seeding rate 0,657 Var ie ty 0 .720 S. R. x V 1.610 
Headiny s t a g e 
TL 419 
T i g r e " S " 
Muskox " 3 " 
D e l f i n 
HD 1982 (wheat) 
Russ ian Rye 
t^an 
23,00 
25 ,61 
24,69 
25.78 
24.00 
20. 46 
23,96 
21.48 
2 3.10 
2 3. 38 
23.46 
22. 53 
19. 43 
22.23 
18.41 
21.00 
20.32 
21 .85 
20.4 3 
18.43 
20.07 
17.64 
19.32 
18. 46 
19.49 
18.47 
16„86 
18, 37 
15.29 
18 .45 
17.46 
17.46 
n.oo 
16.15 
16.97 
19. 16 
2 1 . 49 
20. 86 
2 :i. 61 
20. 49 
19.27 
C D . a t 5X I Seeding r a t e 0 .403 Varie ty 0 .442 S. R. x V 0 .988 
^'J.lky g r a i n s t a g e 
TL 419 
T i g r e " S " 
Muskox " 5 " 
D e l f i n 
HD 1982 (wheat) 
Russ i an Rye 
Mean 
23.74 
32.76 
25 .05 
30.79 
27.39 
22.82 
27,9 2 
25. 16 
28.77 
23. 15 
29.83 
23. 50 
21.82 
2 5. 37 
23.29 
25.83 
21.70 
28.42 
22.62 
20.64 
23 .75 
21 .43 
22.79 
19.78 
26.30 
20. 47 
18.83 
21.60 
18 .68 
20.42 
17.68 
24. 13 
18.39 
17.06 
19. 39 
2 3.46 
26. 11 
21.47 
27.89 
24.47 
20.2 3 
C D . a t 5X I Seeding r a t e 0 .629 Variety 0 ,689 S. R. x V 1.541 
S. R. Seeding rate 
V Variety 
N. B. A uniform b^sal dose of 150 kg N, 30 kj P and 30 kg K/ha was app l i ed 
a t the time of sowing 
: 116 t 
50 kg seec^ha produced 30.2?^, 41,2% and 44.0PS more leaves than 
150 kg seed/ha at tillering, heading and milky grain stage 
respectively. 
As far as the response of varieties was concerned, 
Delfin proved optimum at tillering and milky grain stage, 
however at heading stage, it was at par with Tigre "S", On the 
contrary, rye gave the lowest values at heading and milky grain 
stage, which were critically different from those given by other 
varieties. At tillering stage, rye gave equal response to 
Muskox "S" and was poorest in leaf production. Delfin excelled 
wheat and rye by 8,1% and 20,5% at tillering stagej by 5.5% and 
18.3% at heading stage and by 14,0% and 37,9% at milky grain 
stage respectively. 
Regarding the interaction effect, maximum number of 
leaves was registered for Delfin at tillering stage when sown at 
the rate of 50 kg seed/ha. At heading stage also, the 
interaction of 50 kg seed/ha x Delfin gave maximum valuej but it 
was at par with that for 50 kg seed/ha x Tigre "S", At milky 
grain stage, the value noted for 50 kg seed/ha x Tigre "S" 
(closely followed by that for 50 kg seed/ha x Delfin) proved 
optimum. On the other hand, the lowest value noted at tillering 
stage, was recorded for 150 kg seed/ha x Muskox "S", which was 
equal to those for four other interactions, including that for 
15a kg seed/ha x rye. At heading stage, 150 kg seed/ha x TIL 419, 
equalled by 150 kg seed/ha x rye, gave the minimum value; while 
t 117 I 
at milky grain stage, rye gave lowest number of leaves with 
150 kg seed/ha, but the value was at par with those for wheat 
and Muskox "S" when sown at the rate of 150 kg seed/ha. 50 kg 
seed/ha x Delfin proved superior to 50 kg seed/ha x wheat and 
50 kg seed/ha x rye by 16,5pi and 3^,6% at tillering stage, and 
by 7 , ^ and 26,0% at heading stage respectively, whereas at milky 
grain stage, Tigre "S" and Delfin (each sovwi with 50 kg seed/ha) 
gave 19.6J6 and 12,4% more leaves than 50 kg seed/ha x wheat and 
43.6^ and 34,% more than 50 kg seed/ha x rye respectively, 
4,3.2,4 Fresh weight 
Seeding rate had significant effect on fresh weight at 
each stage. Varietal response was also significant at all the 
stages. While interaction effect of seeding rate x variety was 
significant at heading and milky grain stage only (Table 37), 
Gradual decrease in fresh weight was observed at all 
the stages as the seeding rate was increased from 50 to 150 kg 
seed/ha, 50 kg seed/ha showed an increase in fresh weight of 
37,4?6, 20,7?^ and 22,2% over that for 150 kg seed/ha at tillering, 
heading and milky grain stage respectively. 
With regard to the response of varieties, highest 
value for fresh weight was observed in Delfin at all the stages. 
Contrary to this, rye gave least values at each stage, which 
differed critically from those for the remaining varieties at 
! 
T a b l e 37i E f f e c t of s e e d i n g r a t e s o n f r e s h w e i g h t / p l a n t (g) of t r i t i c a l e , wheat and rye 
v a r i e t i e s a t t h r e e growth s t a g e s 
V a r i e t i e s 
TL 419 
T l g r e " S " 
Muskox " S " 
D e l f l n 
HD 1982 (wheat) 
R u s s i a n Rye 
Mean 
50 
33.32 
36 .08 . 
32.69 
40 .32 
30.00 
27.19 
33.27 
Seed! 
75 
T l l l e 
32 .73 
34 .31 
28 .88 
38.28 
27 .61 
25.00 
31.14 
ng ra t e s (kg/h a) 
100 
r i n g s t a g e 
28.49 
31.64 
27.49 
36.70 
26.43 
23.30 
29 .01 
125 
26 .43 
28.49 
25 .63 
33.49 
23.69 
21 .38 
26 .52 
150 
24.00 
26.20 
23 .72 
31 .28 
21.09 
19.00 
24 .22 
Mean 
28.99 
3 1 . 34 
27 .68 
36 .01 
25.76 
23«17 
C D . a t 5X t Seed ing r a t e 0 .859 V a r i e t y 0 .940 S. R. x V N. S. 
Heading s t a g e 
TL 419 
T l g r e " S " 
Muskox " S " 
D e l f l n 
HD 1982 (wheat) 
R u s s i a n Rye 
Mean 
50 .63 
54.42 
49.07 
56.17 
46 .76 
4 8 . 9 1 
50.99 
4 9 . 2 1 
51.46 
43 .53 
53 .31 
45.46 
45 .62 
48 .93 
47.67 
47.33 
46.08 
52.68 
43 .45 
42.37 
46.60 
46 .34 
4 5 .75 
44 .38 
50.44 
41 .32 
3^.42 
44 .61 
44.19 
43 . 23 
4 3.17 
47 .08 
38 .88 
36 .85 
42 .23 
4 7 . 6 1 
48 .44 
4 6 . 2 5 
51.94 
43 . 18 
4 2 . 6 3 
C D . a t 5% I Seeding r a t e 0 .627 V a r i e t y 0 .684 S. R, x V 1.535 
Milky g r a i n s t a g e 
TL 419 
T l g r e " S " 
Muskox " S " 
D e l f l n 
HD 1982 (wheat) 
R u s s i a n Rye 
Mean 
7 6 . 8 2 
8 2 . 6 1 
74 . 19 
8 5 . 32 
58. 32 
57.38 
7 2 . 4 4 
74 .67 
79 . 38 
70 .46 
81 .63 
55,09 
55, 32 
6 9 , 4 3 
71 .32 
76. 34 
63 .79 
78 .42 
S3. 48 
52.46 
6 5.98 
68 ,57 
31.48 
59.82 
7 3 . 4 5 
48.69 
49.60 
6 1 , 9 4 
6 5 , 4 5 
70 .17 
I 57.07 
7 1 . 8 5 
4 5.60 
45 .68 
59.30 
7 1 . 38 
76 .00 
65 .07 
7 8 . 4 3 
52 .24 
52.09 
C D . a t 5% I Seeding r a t e 0 .592 V a r i e t y 0 .649 S. R. x V 1.4 50 
3. R. Seed ing r a c e 
V V a r i e t y 
N, S. N o n - s i g n i f i c a n t 
M, B, A uni form b a s a l dose of 150 kg N, 30 kg P and 30 kg K/ha was a p p l i e d 
a t t h e t i n e of sowing 
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tillering stage, but was at par with that fox wheat at heading 
and milky grain stage. An increase of 39,8%, 20.3?^  and 50.1% 
and of 55.^, 21.8% and 50,6% in fresh weight was noted in 
Delfin over wheat and rye at tillering, heading and milky grain 
stage respectively. 
Regarding interaction effect, 50 kg seed/ha x Delfin 
proved optimum at heading stagei while 150 kg seed^ /ha x rye gave 
the poorest value. At milky grain stage, 50 kg seed/ha x Delfin 
gave highest value for fresh weight, whereas the lowest value 
was given by 150 kg seed/ha x wheat which was equalled by 150 kg 
seed/ha x rye, 50 kg seed/ha x Delfin gave 20.1% and 46,3% more 
fresh weight than 50 kg seed/ha x wheat, and 14.8% and 48.7% 
more than 50 kg seed/ha x rye at heading and milky grain stage 
respectively. 
4,3.2,5 Dry weight 
The effect of seeding rates as well as response of 
varieties were significant for dry weight at all the stages. 
Interaction effect of seeding rate x variety was significant 
only at heading and milky grain stage (Table 38), 
A gradual decrease in dry weight was noted due to 
increasing seeding rates from 50 to 150 kg seed/ha. Thus, 
maximum value was given by 50 kg seed/ha at all the stages,, 
However, it was equalled by 75 kg seed/ha at tillering stage. 
Table 38« Effect of seeding rates on dry weight/plant (g) of trltlcale, wheat and rye 
varieties at three growth stages 
V a r i e t i e s 
XL 419 
T l g r e " S " 
Muskox " S " 
D e l f i n 
HD 1982 (wheat) 
R u s s i a n Rye 
Mean 
50 
9 .00 
8 .45 
9 . 4 1 
10.79 
9 . 8 5 
8.67 
9 .36 
Seedl 
75 
• ^ i l l e 
9 . 0 1 
9 , 7 3 
8 .83 
9 . 8 5 
8.89 
8 .15 
9 .08 
ng ra t e s {kg/h a) 
r i n g 
100 
s t a g e 
8 .63 
8 .85 
7 .90 
9 , 1 5 
8.40 
7 .39 
8.39 
j 
125 1 
7.50 
7 . 9 5 
6 . 8 3 
8 .01 
7 . 3 8 
6 . 7 5 
7 . 4 1 
150 
7 . 0 6 
7 .87 
6 . 4 5 
7 . 6 8 
6 .29 
6 . 1 5 
6 .92 
Mean 
8 .24 
8.57 
7 .89 
9„10 
6 .16 
7 . 4 2 
C D . a t 5X I Seeding r a t e 0 . 4 1 1 V a r i e t y 0.4150 S, R. X V N.S . 
C. D. a t 5X > 
Heading s t a g e 
TL 419 
T i g r e " S " 
Muskox " S " 
D e l f i n 
HD 1982 (wheat) 
R u s s i a n Rye 
Mean 
16 .91 
19 .85 
18,20 
20. 16 
16.30 
13 .68 
17 .52 
15.80 
17.80 
17 .35 
19. 32 
14.69 
11.98 
16.16 
14.60 
16 .61 
15.24 
18. 48 
12.43 
10 .45 
14.64 
12. 50 
15 .71 
13, 11 
16 ,45 
11.12 
9 .48 
13.06 
12.06 
13.77 
12. 50 
16 ,01 
10,00 
8.69 
12.17 
14. 37 
16.7 5 
15 .28 
18.C8 
12 .91 
10 .85 ' 
Seed ing r a t e 0 . 3 57 V a r i e t y 0 . 3 9 1 S.R, X V 0 . 8 7 5 
MilXy g r a i n s t a g e 
TL 419 
T i g r e " S " 
Muskox "S" 
D e l f i n 
HD 1982 (wheat) 
R u s s i a n Rye 
Mean 
25 .9 5 
2 4 . 6 1 
2 3 . 7 1 
25.06 
2 0 . 6 5 
20 .10 
2 3 . 3 5 
23 .68 
23.49 
2 1 . 5 1 
23.87 
19 .38 
18.42 
21 .73 
22.18 
21 .85 
19.38 
22 .65 
18.48 
17 .11 
20 .28 
17 .81 
20,60 
18 .85 
19 .68 
17 .65 , 
15 .38 
18 .33 
17.10 
19 .31 
16.69 
1 9 . 0 5 
16.29 
14.40 
17 .14 
21 .34 
21.97 
20.0 3 
22.06 
18.49 
17 .08 
C D . a t 5X I 
S.R. Seed ing r a t e 
V V a r i e t y 
N . S , N o n - s i g n i f i c a n t 
Seed ing r a t e 0 .440 V a r i e t y 0 .482 S.R. X V 1.077 
N. B. A uni form b a s a l dose of 150 kg N, 30 kg P and 30 kg K/ha was a p p l i e d 
a t t h e t ime of sowing 
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It excelled 150 kg seed/ha, which gave the minimum value, by 
35,3J6, 44,(Ji^  and 36,2% at tillering, heading and milky grain 
stage respectively. 
Among the varieties, maximum value for dry weight was 
given by Delfin at all stages? but at milky grain stage, it was 
at par with Tigre "S". On the other hand, rye gave lowest value 
at each stage, Delfin proved 11,5%, 40,0% and 19.3% superior to 
wheat, and 22,6%, 66.5% and 29,1%, to rye at tillering, heading 
and milky grain stage respectively. 
With regard to the effects due to interaction of 
seeding rate and variety, 50 kg seed/ha x Delfin, equalled by 
50 kg seed/ha x Tigre "S" and 75 kg seed/ha x Delfin, gave the 
maximum value at heading stagej whereas rye, sown at the rate of 
150 kg seed/ha, gave the lowest value, which was statistically 
equal to that for 125 kg seed/ha x rye. At milky grain stage, 
50 kg seed/ha x TL 419 gave the highest dry weight; but the 
value was at par with that for 50 kg seed/ha x Delfin, On the 
contrary, 150 kg seed/ha x rye, equalled by 125 kg seed/ha x 
rye, gave the lowest value at milky grain stage. The dry wNsight 
for the interaction 50 kg seed/ha x Delfin surpassed that for 
50 kg seed/ha x wheat and 50 kg seed/ha x rye by 23,7% and 47,41^ 
at heading stage, and by 21,4% and 24,7% at milky grain stage 
respectively. 
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4,3.3 Leaf-^nutrient contents 
As far as leaf^ N, P and K contents were concerned, the 
effect of seeding rate, as well as response of varieties, was 
significant at all the stages. Moreover, interaction (seeding 
rate x variety) was also significant in most cases. The data 
are briefly described below (Tables 39-41), 
4,3.3.1 Leaf-nitrogen content 
The effect of seeding rates and response of varieties 
were significant for leaf-N content at all the stages. However, 
interaction between seeding rate and variety was not significant 
at any stage (Table 39), 
The treatment 50 kg seed/ha was optimum for leaf-N 
content at all the stages, and the values decreased gradually 
with increasing seeding rates, 50 kg seed/ha gave significantly 
maximum leaf-N content at heading stage. This seeding rate 
proved best at tillering and milky grain stage also, but in 
each case the value was at par with that given by 75 kg seed/ha. 
On the other hand, 150 kg seed/ha gave the lowest value at each 
stage. The increase in the value given by 50 kg seed/ha over 
that given by 150 kg seed/ha was 26,8%, 37.8% and 37,1% at 
tillering, heading and milky grain stage respectively. 
Regarding varietal differences, Delfin equalled by 
Tigre "S", proved optimum among all the varieties at tillering 
Tab le 39i E f f e c t of s e e d i n g r a t e s on l e a f - n i t r o g e n c o n t e n t (X) of t r l t i c a l e , wheat 
and rye v a r i e t i e s a t t h r e e growth s t a g e s 
V a r i e t i e s 
TL 419 
T l g r e " S " 
Muakox " S " 
D e i f i n 
HD 1982 (wheat) 
R u s s i a n Rye 
Mean 
50 
4 .895 
5.878 
4.829 
6 .496 
4 .948 
4.496 
5.257 
Seeding 
75 
r a t e s (kg /ha) 
T i l l e r i n g 
4.269 
5.943 
4 .748 
6.016 
4 .618 
4 .471 
5 .011 
100 
s t a g e s 
3.854 
5.834 
4 .821 
5.813 
4.162 
4.362 
4 ,808 
125 
3 . 268 
5.6 56 
4. 190 
5.6 50 
3.496 
4.440 
4.450 
150 
3 .041 
5.412 
3 .496 
5.276 
3 .582 
4 . 0 6 5 
4.145 
3.865 
5 .745 
4 ,417 
5„850 
4„161 
4.367 
C D . a t 5% t Seed ing r a t e 0 .276 V a r i e t y 0 .30 3 S.R. x V N. S. 
Heading s t a g e 
TL 419 
T i g r e " S " 
MUSXOX *S" 
D e l f i n 
HD 1982 (wheat) 
R u s s i a n Rye 
Mean 
C D . a t 5X I 
3 .861 
5.324 
3.902 
5 .723 
3.854 
3.987 
4 .442 
Seedinc 
3 .495 
4 .943 
3.829 
5.125 
4 .045 
3.740 
) 4 .196 
r a t e 0 .224 
3.496 
4.56 2 
3.317 
4 ,981 
3 .135 
3.233 
3.787 
V a r i e t y 
2.989 
4.47 5 
3.777 
4. 558 
2.880 
3.066 
3.624 
0 .246 
2 .878 
3 ,864 
2 .618 
4 . 6 6 5 
2 .696 
2 .618 
3 .223 
S.R. X V 
3.344 
4 .634 
3 . 489 
5.010 
3 . 322 
3 . ;i29 
N, £, 
Milky g r a i n s t a g e 
TL 419 
T i g r e " S " 
Muskox " S " 
D e l f i n 
HD 1982 (wheat) 
R u s s i a n Rye 
Mean 
2.370 
3.100 
3.000 
3 .763 
3.430 
1 3 .001 
3 .111 
. 2.200 
2.87 3 
2.87 5 
3.237 
3 .101 
3.203 
2 .915 
2.000 
3.000 
2.632 
3.189 
3.006 
2.780 
2.768 
1.B79 
2,79 5 
2. 500 
2.787 
2.87 5 
2 .6 56 
2.582 
1.859 
2.527 
1.879 
2 .504 
2 .6 30 
2 .202 
2.267 
2 .062 
2 .8 59 
2. 577 
3.0«>6 
3.008 
2 .768 
C D . a t 5% I Seed ing r a t e 0 .208 V a r i e t y 0 .227 S.R. x V N. S. 
S.R. Seed ing r a t e 
V V a r i e t y 
N. S. N o n - s i g n i f i c a n t 
N. B. A uni form b a s a l dose of 150 kg N, 30 kg P and 30 kg K/ha was a p p l i e d 
a t t h e t ime of sowing 
I 121 I 
stage. On the other hand, TL 419, equalled by wheat, gave the 
least response. At heading stage, Delfin proved significantly 
optimum for leaf-N content, whereas at this stage, wheat 
(equalled by Muskox "S", TL 419 and rye) gave the minimum ieaf-N 
content. At milky grain stage, the maximum value was given by 
Delfin, but was equal to that given by wheat. The lowest value 
at milky grain stage was given by TL 419, Wheat and rye were 
exceeded by Delfin by 40,6^ and 33,9%; and by 50,8^ and 50»5p& 
at tillering and heading stage respectively. However at mj.lky 
grain stage, Delfin surpassed only rye by 11,^, 
4i3,3,2 Leaf^phosphorus content 
Seeding rate and varietal differences were significant 
for leaf-P content at all the stages. Interaction between 
seeding rate and variety was significant at tillering and heading 
stage (Table 40), 
Maximum leaf-P content was noted at 50 kg seed/ha at 
each stage. However at milky grain stage, it was at par with 
that shown by 75 kg seed/ha. Leaf-P content decreased gradually 
with increasing seeding rates at all the stages, 150 kg seed/ha 
gave significantly lowest value at each stage; but at milky 
grain stage, it proved at par with 125 kg seed/ha, 50 kg seed/ha 
gave 47,3?S, 65,^ and 52,3% higher yalue than 150 kg seed/ha at 
tillering, heading and milky grain stage respectively. 
T a b l e 40« E f f e c t of s e e d i n g r a t e s on l e a f - p h o s p h o r u s c o n t e n t (X) of t r l t i c a l e , wheat 
i and rye v a r i e t i e s a t t h r e e growth s t a g e s 
V a r i e t i e s 
TL 419 
T i g r e " S " 
Muskox " S " 
D e l f i n 
HD 1982 (whea 
R u s s i a n Rye 
Mean 
i t ) 
50 
0 .527 
0 .617 
0 . 6 4 5 
0 .726 
0 .684 
0 .520 
0 .620 
Seeding 
75 
r a t e s (kg /ha ) 
T i l l e r i n g 
0 .520 
0 .662 
0 .57 5 
0 .608 
0 . 549 
0 .487 
0 .550 
100 
3 t a ge s 
0 .506 
0 .527 
0 .536 
0 .508 
0 .500 
0 .424 
0 .500 
125 
1 
0.1509 
0 . 4 9 3 ' 
0 .487 
0 .494 
0 . 460 
0 . 3 7 8 
0 .470 
150 
0 . 4 9 2 
0 . 4 3 6 
0 . 4 3 8 
0 . 4 5 2 
0 . 4 0 3 
0 .304 
0 . 4 2 1 
Mean 
0 . 5 1 1 
0 .527 
0 .536 
0 . 558 
0 .519 
0 . 4 2 3 
C D . a t 5X I Seeding r a t e 0 .029 V a r i e t y 0 .032 S. R. x V 0 .072 
Heading s t a g e 
TL 419 
T i g r e " S " 
Muskox •'S" 
b e l f i n 
HD 1982 (wheat) 
R u s s i a n Rye 
Mean 
0 . 396 
0 .477 
0 .449 
0 . 559 
0 . 5 0 3 
0 .389 
0 .462 
0 .308 
0 . 466 
0 .459 
0.487 
0 .417 
0 .362 
0 .417 
0 .307 
0 .394 
0 . 384 
0 .393 
0 .422 
0 .317 
0 .369 
0 .297 
0 .396 
0 .37 1 
0 .394 
0 .347 
0 .287 
0 .349 
0 .242 
0 .312 
0 . 3 0 1 
0 , 3 3 4 
0 .267 
0 . 2 1 8 
0 .279 
0 .310 
0.4<39 
0 . 3 9 3 
0 . 4 3 3 
0 . 3 9 1 
0 . 3 1 5 
C D . a t 5X I Seeding r a t e 0 .020 V a r i e t y 0 .022 S. R. x V 0 .049 
Milky g r a i n s t a g e 
TL 419 
T i g r e " S " 
Muskox " S " 
D e l f i n 
HD 1982 (wheat) 
R u s s i a n Rye 
Mpan 
0.156 
0 . 2 0 8 
0 . 2 1 1 
0 .248 
0 .194 
0 . 1 9 1 
0 . 2 0 1 
0 .162 
0 .186 
0 . 1 9 5 
' 0 . 204 
0 .172 
0 . 1 6 1 
0 .180 
0 .171 
0 . 1 7 5 
0 . 1 7 8 
0 . 1 8 1 
0 .171 
0 . 1 3 1 
0 .168 
0 .138 
0 ,156 
0 . 1 4 4 
0 .176 
0 . 1 3 8 
0 .120 
0 .146 
0 .150 
0 .130 
0 .110 
0 . 1 4 3 
0 .150 
0 .110 
0 . 1 3 2 
0 . 1 5 5 
0 . 1 9 1 
0 . 1 6 8 
0 . 1 9 1 
0 . 1 6 5 
0 . 1 4 3 
C. D. a t 5X I Seeding r a t e 0 , 0 2 1 V a r i e t y 0 . 0 2 3 S. R. x V K. S. 
, S .R, Seed ing r a t e 
V V a r i e t y 
N , S . N o n - s i g n i f i c a n t 
N. B, A unifonri b a a a l dose of 150 kg N, 30 kg P and 30 kg K/ha was a p p l i e d 
a t t h e t ime of sowing 
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Among the varieties, Dclfin gave maximum leaf-P 
content at all the stages; but the value was statistically 
equal to those given by Tigre "S" and Muskox "S" at tillering 
and milky grain stagej while at heading stage, the value was 
critically different from those given by other varieties. 
Conversely, rye gave significantly lowest value at all the 
stages. However at heading stage, it was at par with XL 419, 
and at milky grain stage with wheat and TL 419, The value of 
leaf-P content for Delfin was 7.S^, 10,7% and 15»8% more than 
that for wheat, and 3t.9%, 37.5p^ and 33,6% more than that for 
rye at tillering, heading and milky grain stage respectively. 
Regarding the effects of interaction (seeding rate x 
variety), Delfin gave maximum value at tillering stage when sown 
at the rate of 50 kg seed/ha, but this value was statisticaly 
equal to that given by 50 kg seed/ha x wheat. On the other 
hand rye, with 150 kg seed/ha, gave significantly lowest value, 
50 kg seed/ha x Delfin was 39.6% superior to 50 kg seed/ha x 
rye at tillering stagej whereas at heading stage, 50 kg seed/ha x 
Delfin proved best for leaf-P content among all the interactions. 
On the other hand, 150 kg seed/ha x rye, equalled by 150 kg 
seed/ha x wheat and 150 kg seed/ha x TL 419 gave the least 
leaf-P content at heading stage, 50 kg seed/ha x Delfin gave 
11.1% higher leaf-P content than 50 kg seed/ha x w^eat, and 
43,7%, than 50 kg seed/ha x rye. 
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4,3»3,3 Leaf-potassium content 
Significant differences in the values for leaf-K 
content were obtained as a result of the effect of different 
seeding rates. Varietal response was also significant at all 
the stages and as was the effect of interaction (seeding rate x 
variety) (Table 41), 
Gradual decrease in leaf-K content was recorded with 
increasing seeding rates from 50 to 150 kg seed/ha at all the 
stages. The maximum value (given by 50 kg seed/ha) was 38,3%, 
5 8 , ^ and 74,1% higher than that given by 150 kg seed/ha at 
tillering, heading and milky grain stage respectively. 
Regarding varietal response, the value recorded for 
Delfin was maximum at all the stages, whereas the value 
registered for rye was the lowest. Both values were critically 
different from those given by other varieties at each stage, 
Delfin gave 9.2%, 8 . ^ and 27,7% higher leaf-K content than wheat 
and 43,5%, 36,3% and 61,5%, than rye at tillering, heading and 
milky grain stage respectively. 
Regarding interaction effect, 50 kg seed/ha x Delfin 
(equalled by 75 kg seed/ha x Delfin) gave maximum leaf-K content 
at tillering stage. At heading stage, the same interaction 
(50 kg seed/ha x Delfin) gave significantly maximum valuej while 
at milky grain stage, its effect was again maximum but at par 
with that noted for 75 kg seed/ha x Delfin, 150 kg seed/ha x 
Tatole 41i E f f e c t of s e e d i n g r a t e s on l e a f - p o t a s s i u m c o n t e n t (X) of t r i t i c a l e , wtieat 
and rye v a r i e t i e s a t t h r e e growth s t a g e s 
V a r i e t i e s 
TL 419 
T i g r e " S " 
Mus)cox " S " 
D e l f i n 
HD 1982 ( w h e a t ) 
R u s s i a n Rye 
Mean 
50 
7 . 8 6 6 
9 . 8 1 9 
8 . 7 2 4 
1 0 . 7 26 
9 . 4 1 2 
6 . 2 9 3 
8 . 8 0 7 
S e e d i n g r a t e s ( k g / h a ) 
7 5 
T i l l e r i n g 
7 . 6 7 1 
8 . 5 8 1 
7 . 8 6 6 
1 0 . 0 49 
8 . 2 7 0 
6 . 4 1 2 
8 . 2 5 0 
100 
s t a g e 
6 . 8 6 5 
7 . 8 6 6 
7 . 7 2 3 
9 . 1 5 5 
8.7^50 
5 . 0 9 5 
7 . 7 4 2 
125 
6 . 0 7 9 
6 . 7 48 
6 . 7 59 
8 . 0 0 9 
7 . 2 2 7 
5 . 7 1 5 
6 i 7 5 6 
150 
5 . 7 26 
6 . 2 7 4 
6 . 561 
6 . 7 2 4 
6 . 178 
5 . 0 8 6 
6 . 0 9 1 
Mean 
6 . 8 4 1 
7 . 8 5 7 
7 . 527 
8 . 9 3 3 
8 . 0 9 9 
5 . 9 20 
C D . a t 5X « Seeding r a t e 0 .330 V a r i e t y 0 .361 S. R. x V 0 .808 
TL 419 
T i g r e " S " 
Mus kox " S " 
D e l f i n 
HD 1 9 8 2 ( w h e a t ) 
R u s s i a n Rye 
Mean 
5 . 2 9 1 
1 6 . 8 6 6 
6 . 8 6 9 
8 , 3 5 1 
7 . 0 5 5 
4 . 4 4 1 
6 . 4 7 9 
H e a d i n g 
5 . 0 7 1 
5 . 7 8 3 
5 . 8 6 6 
7 . 0 0 0 
6 . 4 0 4 
4 . 0 7 1 
5 . 6 9 9 
s t a g e 
4 . 6 5 1 
5 , 8 6 5 
4 . 8 7 5 
5 . 2 9 4 
6 . 0 0 9 
4 . 3 57 
5 . 0 0 9 
4 . 0 0 b 
4 . 9 1 0 
4 . 1 7 9 
5 . 0 1 0 
4 . 9 36 
3 . 2 9 1 
4 . 3 8 9 
2 . 8 8 6 
3 . 9 2 0 
3 . 582 
3 . 9 0 7 
2 . 9 6 3 
2 . 8 6 2 
3 . 3 5 3 
4 . 3 8 1 
5 . 4 6 9 
5 . 0 7 4 
5 . 9 1 3 
5 . 2 7 3 
3 . 8 0 5 
C D . a t 5X ; Seeding r a t e 0 . 2 9 5 V a r i e t y 0 .324 3 . R. x V 0 . 7 2 3 
Milky g r a i n s t a g e 
TL 419 
T i g r e " S " 
M u s k o x " S " 
D e l f i n 
HD 1 9 8 2 ( w h e a t ) 
R u s s i a n Rye 
Mean 
5 . 6 39 
5 . 9 2 0 
5 . 4 1 1 
6 . 4 8 3 
5 . 6 4 3 
3 . 1 4 3 
6 , 3 7 3 
4 . 9 2 6 
5 . 5 7 8 
4 . 2 9 0 
6 . 5 7 9 
4 . 0 5 0 
3 . 8 2 5 
4 . 8 7 5 
3 . 9 1 0 
4 . 157 
3 . 9 57 
5 . 7 8 0 
3 . 9 57 
2 . 9 6 4 
4 . 1 2 1 
2 . 9 8 3 
3 , 8 3 8 
3 . 2 6 8 
4 . 2 9 6 
3 . 4 4 1 
2 . 7 3 5 
3 . 4 2 7 
2 . 5 1 7 
2 . 7 2 1 
2 . 4 3 1 
3 . 579 
2 . 7 4 9 
1 . 9 6 6 
2 . 6 6 0 
3 . 9 9 5 
4 . 4 4 3 
3 . 8 7 1 
5 . 3 4 3 
3 . 9 6 8 
2 . 9 2 7 
C D . a t 5X » Seeding r a t e 0 .248 V a r i e t y 0 .272 S. R. x V 0 .607 
S, R, Seed ing r a t e 
V V a r i e t y 
N. B. A uni form b a s a l dose of 150 kg N, 30 kg P and 30 kg K/ha was a p p l i e d 
a t t h e t ime of sowing 
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rye gave the lowest leaf-K. content at all the stage. However, 
at tillering stage, this interaction was at par with 150 kg 
seed/ha x TL 419, 125 kg seed/ha x rye and 100 kg seed/ha x ryej 
at heading stage, with 125 kg seed/ha x rye, 150 kg seed/ha x 
Muskox "S", 150 kg seed/ha x wheat and 150 kg seed/ha x TL 419, 
and at milky grain stage, with 150 kg seed/ha x TL 419 and 
150 kg seed/ha x Muskox "S", The value given by 50 kg seed/ha x 
wheat and 50 kg seed/ha x rye were excelled by 50 kg seed/ha x 
Delfin by 12,6% and 60.8%s 14,3% and 60,7%; and 12,6% and 80,6% 
at tillering, heading and milky grain stage respectively. It may 
also be noted that at milky grain stage, 75 kg seed/ha x Delfin 
also proved 50,1% and 57,1% superior to 75 kg seed/ha x wheat 
and 75 kg seed/ha x rye respectively, 
4»3.4 Yield characteristics 
Yield parameters, namely, ear number, ear weight, ear 
length, spikelet number, grain number, 1,000 grain weight, 
grain yield, straw yield and harvest index, studied at harvest, 
were found significantly affected by seeding rate. Varietal 
differences, with respect to these attributes, were also 
significant. Moreover, interaction (seeding rate x variety) was 
significant in most of the cases. The data, regarding separate 
yield characters, are presented below (Tables 42-50), 
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4»3,4,1 Ear number 
The effect of seeding rate and the response of 
varieties was significant for ear number. However, the effect 
of interaction (seeding rate x variety) was non-significant 
(Table 42), 
Among the values recorded for the effect of different 
seeding rates, 50 kg seed/ha proved optimum, Thereabove, the 
values decreased with increasing seeding rate, with 150 kg 
seed/ha giving the least value. The increase in the number of 
ears/plant at 50 kg seed/ha over that in 150 kg seed/ha was 
62,6%. 
With regard to the response of varieties, maximum 
number of ears was produced by Delfin and the lowest value was 
given by rye, which was equal to that of Muskox **S". The 
increase in the value, recorded for Delfin, over that for wheat 
and rye, was 15,9^ and 36,5p6 respectively, 
4,3,4,2 Ear weight * 
The effect of seeding rate and that of interaction 
(seeding rate x variety) was significant for ear vwightj so 
was the response of varieties (Table 43), 
Among different seeding rates, 50 kg seed/ha proved 
optimum for ear weight, Thereabove, a gradual decrease in the 
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value was recorded with Increasing seeding rate. The highest 
value, given by 50 kg seed/ha, was 52,9% more than the lowest 
value given by 150 kg seed/ha. 
Regarding varieties^ Delfin proved best for ear 
weight, while the lowest value was given by rye. Wheat and rye 
exceeded by Delfin by 23.6% and 46.6% respectively. 
As far as the interaction effect was concerned, 50 kg 
seed/ha x Delfin (equalled by 50 kg seed/ha x XL 419) gave the 
highest value for ear weight. The lowest value was shown by 
150 kg seed/ha x Muskox "3", which was equal to those given by 
125 kg seed/ha x rye, 150 kg 6&e6/ha x rye and 150 kg seed/ha x 
TL 419, 50 kg seed/ha x Delfin exhibited 4^,0, more weight of 
the ear than 50 kg seed/ha x wheat and 59.9%, than 50 kg 
seed/ha x rye, 
4,3,4,3 Ear length 
Seeding rate, varieties and the interaction between 
them had significant effect on ear length (Table 44). 
The treatment 50 kg seed/ha proved optimum for ear 
length, while 150 kg seed/ha gave the least value, which was 
critically different from those recorded for other rates. The 
ears in the treatment 50 kg seed/ha were 17,0% longer to those 
in 150 kg seed/ha. 
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Among the varieties, Delfin gave the highest value for 
ear length. Whereas rye, equalled by TL 419, gave the poorest 
response. The value noted for Delfin was 1 8 . ^ more than that 
for wheat and 25,7% more than that for rye. 
Regarding the effects of interaction (seeding rate x 
variety), 50 kg seed/ha x Delfin gave maximum value, but it was 
at par with those registered for 75 kg seed/ha x Delfin as well 
as 100 kg seed/ha x Delfin, On the other hand, 150 kg seed/ha x 
rye gave the lowest value; but jtt was at par with five other 
interactions, including that registered for 150 kg seed/ha x 
wheat. 50 kg seed/ha x Delfin gave 20.7% and 2 0 , ^ longer ears 
than 50 kg seed/ha x wheat and 50 kg seed/ha x rye respectively. 
4,3.4,4 Spikelet number 
The effect of seeding rate and varietal differences 
were significant for spikelet number. However, interaction 
effect was not significant (Table 45), 
Among the values noted for the effect of different 
seeding rates, 50 kg seed/ha (equalled by 75 kg seed/ha) gave 
the maximum number of spikelets, whereas 150 kg seed/ha gave the 
least value, 50 kg seed/ha produced 26,0% more spikelets than 
150 kg seed/ha. 
Regarding the response of varieties, rye gave maximum 
value. However, Delfin was next to it in spikelet number. On 
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the contrary, wheat gave the least value, which was critically 
different from those of other varieties, 
4,3,4,5 Grain number 
The effects of seeding rate and interaction (seeding 
rate x variety) were significant for grain number. Varietal 
differences were also found significant for this parameter 
(Table 46). 
Maximum number of grains was noted for 50 kg seed/ha, 
whereas 125 kg seed/ha (equalled by 150 kg seed/ha) gave the 
lowest value. The increase in the value recorded for 50 kg 
seed/ha over that for 125 kg seed^ha was 33,6%, 
Regarding varieties, Tigre "S" gave maximum number of 
grains. However Delfin, equalled by Muskox "S", was next to 
Tigre "S", Wheat exhibited least response for grain number, 
Tigre "S" and Delfin produced 42,C% and 32,3% more grain than 
wheat and 19,5% and 11,4% more than rye respectively. 
Considering the interaction between seeding rate and 
variety, 50 kg seed/ha x Tigre "S" proved optimum, while the 
lowest value was given by 150 kg seed/ha x wheat which was 
critically different from those for all other interactions, 
50 kg seed/ha x Delfin produced 4 6 , ^ and 16,6% more grain than 
50 kg seed/ha x wheat and 50 kg seed/ha x rye respectively. 
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4,3»4.6 1,000 grain weight 
The effects of seeding ra te , variet ies and interaction 
between them were significant for 1,000 grain weight (Table 47), 
All values for the effect of seeding rate were 
c r i t ica l ly different from each other* 50 kg seeci/ha proved 
optimum. The lov\»st value for 1,000 grain weight was recorded 
for 150 kg seed/ha, w^ich was surpassed by 50 kg seed/ha by 
11.7%. 
With regard to var ie ta l response, Delfin proved 
significantly optimum for 1,000 grain weight. Rye, on the other 
hand, gave minimum weight of 1,000 grains, and the value was 
c r i t i ca l ly different from those for other var ie t ies , Delfin 
gave 4, :^ and 96.7% more value for 1,000 grain weight than wheat 
and rye respectively. 
Regarding the interaction effect, 50 kg seed/ha x 
Delfin gave maximum 1,000 grain weight, but the value was at par 
with that given by 50 kg seed/ha x wheat. Contrary to th i s , 
150 kg seed/ha x rye gave the least value, which was at par with 
those for the rest of the interactions between different seeding 
rates and rye, 50 kg seed/ha x Delfin gave 104,46 higher value 
for 1,000 grain weight than 50 kg seed/ha x rye, 
4,3,4.7 Grain yield 
Seeding rate , varietal response and the interaction 
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between seeding rate and variety proved significant for grain 
yield (Table 48), 
Unlike the yield contributing parameters mentioned 
so far, grain yield increased progressively with increasing 
seeding rate from 50 to 125 kg seed/ha. However, seeding at 
the rate of 150 kg seec^ /ha resulted in the lowest value, which 
was at par with those recorded for 75 and 50 kg seed/ha. The 
increase in grain yield noted for 125 kg seed/ha over that for 
150 kg seed/ha was 10,^* 
Regarding the performance of varieties, Delfin gave 
maximum grain. Next to Delfin was wheat, which was equalled by 
Tigre "S" in this regard. On the other hand, rye yielded 
minimiM grain and the value differed significantly from those 
given by the other varieties, Delfin produced 9,9^ and 82.996 
more grain than viheat and rye respectively. 
With regard to interaction effect, 125 kg seed/ha x 
Delfin proved optimum. The value noted for 150 kg seed/ha x rye 
was lowest but was at par with those recorded for 75 kg seed/ha x 
rye and 50 kg seed/ha x rye. The best interaction (125 kg 
seed/ha x Delfin) prodyced 8,2^ and 69,3% more grain than 125 kg 
seed/ha x wheat and 125 kg seed/ha x rye respectively. 
^•^•4«8 Straw yield 
Seeding rate, varietal response and their interaction, 
regarding straw yield, were noted significant (Table 49), 
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The treatment 125 kg seed/ha (equalled by 100 kg 
seed/ha) produced maximum straw, 150 kg seed/ha, on the other 
hand, gave the least value, which differed critically from those 
given by the other seeding rates, 125 kg seed/ha produced 7,1% 
more straw than 150 kg seed/ha. 
As far as the varieties were concerned, the response 
of one differed critically from the other, TL 419, followed by 
Delfin, surpassed all the varieties in straw yield. As against 
it, rye produced the least straw. TL 419 and Delfin gave 14,2?6 
and 10,3% more straw than wheat and 34,4% and 29.^ more than 
rye respectively. 
Among interactions, 125 kg seed/ha x TL 419 gave the 
highest value for straw yield, 100 kg seed/ha x rye was poorest 
in this regard and its value was critically different from those 
given by other interactions. The interaction 125 kg seed/ha x 
TL 419 proved 26,6% and 39,1% superior to 125 kg/ha x wheat and 
125 kg seed/ha x rye respectively. 
^•3,4,9 Harvest index 
The effect of seeding rate, varietal response and the 
interaction established between seeding rate and variety were 
significant with regard to harvest index (Table 50), 
Similar to grain and straw yield, maximum harvest 
index was recorded for 125 kg seed/ha, and the value was 
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critically different from those for other rates, while 75 kg 
seed/ha (equalled by 50 kg seed/ha) gave the minimum value. The 
harvest Index registered for 125 kg seed/ha was 5.9% more than 
that for 75 kg seed/ha, 
Delfin proved best for harvest index| but the value 
was at par with that given by wheat. Rye gave the lowest value. 
Delfin surpassed rye by 29.69^. 
The interaction 125 kg seed/ha x wheat gave the 
maximum value for harvest index; however, it was at par with 
125 kg seed/ha x Delfin and 75 kg seed/ha x Delfin, The lowest 
value, on the other hand, was given by 150 kg seed/ha x ryej but 
it was at par with those for 75 kg seed/ha x rye and 50 kg 
seed/ha x rye, 125 kg seed/ha x Delfin gave 25.056 higher value 
than 125 kg seed/ha x rye. 
4.3,5 Quality characteristics 
The characteristics regarding quality of the grain, 
namely, protein and carbohydrate contents of the grain and their 
computed per hectare yields, were studied at harvest. As far as 
the effect of seeding rate was concerned, all quality parameters, 
except grain protein content, were significantly affected. 
Varietal response was significant for all the attributes studied. 
Interaction (seeding rate x variety) was also significant for all 
the parameters, except grain protein yield. Highlights of the 
: 133 : 
data regarding quality parameters are given below in brief 
(Tables 51-54). 
4«3,5,1 Grain protein content 
As mentioned above, the effect of seeding rate on 
protein content was not significant. However, varietal 
differences and interaction effect between seeding rate and 
variety were significant (Table 51). 
With regard to the varietal response, Delfin proved 
optimum for protein content of grain. However,rye (equalled by 
wheat) gave the lowest value. The value recorded for Delfin 
was 19.7% and 24,2% more than that for wheat and rye 
respectively. 
Regarding the effects of interaction, 75 kg seed/ha x 
Delfin, equalled by 50 kg seed/ha x Delfin, gave the maximum 
grain protein. On the other hand, 50 kg seed/ha x TL 419 gave 
the least value, which was equal to those of six other 
interactions, including those between all the seeding rates 
(except 125 kg seed/ha) and rye, 75 kg seed/ha x Delfin showed 
41,99^  and 33,4% more content of grain protein than 75 kg 
seed/ha x wheat and 75 kg seed/ha x rye respectively, whereas 
50 kg seed/ha x Delfin proved 18,3% and 30,2% superior to 50 kg 
seed/ha x wheat and 50 kg seed/ha x rye respectively. 
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4,3»5,2 Grain protein yield 
Seeding rate, as well as varietal response, was 
significant for grain protein yield. However, the interaction 
between seeding rate and variety was non-significant (Table 52), 
The effect of 125 kg seed/ha resulted in the highest 
value, which was at par with that for 100 kg seed/ha. 150 kg 
seed/ha gave the least value (equalled by those given by 50 and 
75 kg seed/ha). 125 kg seed/ha excelled 150 kg seed/ha by 
11•2%, 
Regarding the response of varieties, Delfin gave 
significantly maximum value for protein yield, while rye, was 
the poorest in this regard, Delfin gave 3 1 , ^ and 126,8?i more 
yield of the grain protein per hectare than wheat and rye 
respectively, 
4,3,5,3 Grain carbohydrate content 
The effect of seeding rate, response of varieties and 
the effect of interaction between them were significant for 
grain carbohydrate content (Table 53), 
Among different seeding rates, 75 kg seed/ha exhibited 
maximum carbohydrate content of the grain, but the value was at 
par with those given by 50 and 100 kg seed/ha. On the other 
hand, 150 kg seed/ha gave the lowest value, which was equal to 
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that given by 125 kg seed/ha. The increase in grain carbohydrate 
content in the treatment 75 kg seed/ha was 1 , ^ over 150 Ug 
seed/ha. 
Regarding varietal differenceS| Delfin had maximum 
grain carbohydrate content. In contrast^ the lowest value for 
this parameter was given by rye. Wheat and rye were excelled 
by Delfin by 7,$% and 1 3 . ^ respectively^ 
As far as Interaction effects were concerned, 100 kg 
seed/ha x Delfin^ being at par with 125 kg seed/ha x Delfin, 
gave the maxim.i«n value, 150 kg seed/ha x rye gave the lowest 
value. Compared with 125 kg seed/ha x wheat and 125 kg seed/ha x 
rye, 125 kg seed/ha x Delfin proved 1 5 , ^ and 12,6% superior with 
regard to grain carbohydrate content, 
4.2.5,4 Grain carbohydrate yield 
Like grain carbohydrate content, the per hectare yield 
of grain carbohydrate was significantly affected by seeding 
rates. Varietal response and the interaction due to seeding 
rate x variety was also significant (Table 54), 
Hov/ever, it is noteworthy that, unlike carbohydrate 
content of grain, maximum value for the yield of grain 
carbohydrate was given by 125 kg seed/ha; whereas, 150 kg seed/ha 
again had poorest value, which was critically different from 
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those for the other seeding rates. The treatment 125 kg seed/ha 
outylelded 150 kg seec\/ha by 10.2?^ with regard to grain 
carbohydrate product/ha. 
Among the various cultivars tested, Dtlfin gave the 
highest value for carbohydrate content of grain. On the other 
hand, rye gave the minimum value which was critically different 
from those for other varieties, Delfin produced 18.^ and 
107,696 more carbohydrate/ha than wheat and rye respectively. 
With respect to the interaction between seeding rate 
and variety, 125 leg seec^/ha x Delfin gave the highest value for 
grain carbohydrate yield-. Whereas, 150 kg seec^ha x rye 
(equalled by 50 kg seec^/ha x rye) gave the minimum value, 
125 kg seed/ha x Delfin proved 25,2?6 and 90,656 superior to 
125 kg seed/ha x wheat and 125 kg seec^/ha x rye respectively, 
4,4 Experiment 4 
This field experiment was conducted to study the 
effect of nine possible combinations of basal nitrogen and 
phosphorus on population count, and growth, yield and quality 
characters of four selected varieties of triticale (TL 419, 
Tigre "S", Muskox "S" and Delfin) and one each of wheat 
(HD 1982) and rye (Russian Rye), Nine possible combinations of 
nitrogen (150, 200 and 250 kg N/ha) and phosphorus (30, 40 and 
50 kg P/ha) were applied at sowing together with potassium, 
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applied untfoirmiy at the rate of 30 kg K/ha, Plant population 
(number of plants/sq m) was noted after one month of sowingi 
growth characteristics, leaf nutrient content and leaf-NRyV 
(nitrate reductase activity in leaf) were studied at tillering, 
heading and milky grain stage of growthp and the parameters 
concerned with yielding ability and quality of the grain v/ere 
determined at harvest. The results are briefly described below 
(Tables 55-78). 
4.4,1 Population count 
The effect of different combinations of nitrogen and 
phosphorus and the varietal differences were found to be 
significant. However, the effect of interaction (treatment x 
variety) was non-significant (Table 55). 
Among various fertiliser treatments, N^oo^40 P^o<^^ced 
maximum number of plants, but it was equalled by H^ iAoPsof 
^150^50 ®"*^  ^ 150^40' W»^ ®3reas N250P40 (equalled by'NgsoPjo and 
^250%0^ gave the least value, it was surpassed by N2QQP4Q by 
As far as varieties vmxe concerned, all values were 
critically different from each other. Rye gave the highest 
value, followed by wheat. However, Delfin produced maximum 
number of plants among the triticales. On the other hand, 
TL 419 responded least in this regard. 
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4.4.2 Growth characteristics 
Growth characteristics, namely, shoot length, tiller 
number, leaf number, fresh weight and dry weight, studied at 
tillering, heading and milky grain stages of growth, were found 
significant with regard to the effect or fertiliser treatments 
as well as response of various varieties. Interaction between 
fertiliser treatment and variety was also significant for most 
of the parameters. The data obtained are described below 
(Tables 56-60). 
4,4,2,1 Shoot length 
The effect of fertiliser treatment and response of 
varieties were significant for shoot length at all the stages. 
Interaction between treatment and variety was also significant 
at each stage (Table 56), 
Among all treatments, N2QoP4n gave maximum length of 
shoot at all stages. The value recorded for 1^QQP4O was 
significantly optimum at heading stage, but was at par with that 
for NgQQPgo a* tillering and milky grain stage. On the other 
hand, N^ 59^30 (©Q'^ aileci by N^50P4o) gave the minimum value at 
all stages. Treatment N200P40 Produced 12,9%, lO.Cpi and 8,*?% 
taller plants than N^^QpgQ at tillering, heading and milky grain 
stage respectively. 
Table 56» Effect of basal nitrogen and phosphorus combinations on shoot length (cm) 
of trltlcale, wheat and rye varieties at three growth stages 
Treatments (kg/ha) 
Varieties — Mean 
^150^30 '^ 200^ 30 ^250^30 ^150^40 ^200^40 ^250^40 '^ 150^ 50 '^ 200^ 50 ^250^50 
T i l l e ; - i n q s t a g e 
TL 419 58 .79 66 .10 66 .60 59 .11 6 7 . 7 1 6 6 . 0 3 62 .00 6 8 . 1 8 65 .00 64 .39 
T i g r e " S " 58 .65 6 7 . 7 3 6 7 . 3 2 59.00 69 .92 6 7 . 1 6 6 2 . 7 1 6 9 . 4 6 67 .00 65 .10 
Muskox " S " 73 .57 6 6 . 3 8 78 .00 74 .10 7 8 . 9 1 7 7 . 7 5 7 5 . 8 5 78 ,20 7 7 . 6 2 7 6 . 7 1 
D e l f i n 7 3 . 1 1 79 .00 78 .40 • 7 3 . 8 5 81 .43 78 .10 lSiO(f 7 9 . 4 2 7 7 . 1 5 7 7 . 2 5 
HD 1982(wheat) 54 .88 58 .75 6 0 . 3 8 54 .88 63 .00 6 0 . 0 1 5 6 . 3 1 6 1 . 8 3 59 .35 58.84 
Russ i an Rye 8 2 . 6 8 87 .39 94 .49 8 3 . 1 3 9 2 . 4 5 9 3 . 6 8 84 .69 9 4 . 8 2 92 .00 8 9 . 4 8 
Mean . 6 6 . 9 5 72 .06 74 .20 6 7 . 3 5 75 .57 7 3 . 7 9 6 9 . 4 3 7 5 . 3 2 73 .02 
C.D. a t 5% ( T rea tmen t 1.136 V a r i e t y 0 .927 T rea tmen t x V a r i e t y 2 .781 
Heading s t a g e 
TL 419 107.41 113 .38 113.06 108.31 116.00 112.76 109.00 114.07 112.10 111.79 
T i g r e " S " 9 8 . 6 8 105 .73 109.89 9 9 . 3 1 111.30 109.59 101.84 110.00 108.12 106 .05 
MUskox "S" 112.86 116 .85 118.00 113,11 120.78 117.56 115.19 120 .31 117 .85 116 .95 
D e l f i n 110.89 112.12 125 .31 112.00 127.46 124.00 113.14 126.46 123 .11 120.39 
HD 1982 (wheat) 97 .14 101 .45 104.00 9 8 . 5 1 105.67 103.29 100.39 104.67 102.79 101.99 
Russ i an Rye 156.69 165 .11 166 .73 157 .18 170 .63 167 .85 158 .61 167.79 169 ,73 -.164.48 
Mean l l k 9 5 120 .61 122 .83 114.74 125.31 122 .51 116.36 123.87 122 .28 
C D , a t S% s T rea tmen t 1.160 V a r i e t y 0 .947 T r e a t m e n t x V a r i e t y 0 .842 
Milky g r a i n s t a g e , 
TL 419 109.77 115.96 117.29 110,27 119.75 117.00 112.00 118,34 116.69 115 ,25 
T i g r e " S " 105.67 110 .48 112.00 106 .28 113 .25 110 ,78 107.90 1 1 2 . 6 3 110.69 109.97 
Muskox " S " 117.89 125.69 129.60 119 .08 130.06 128.46 121 .15 130.12 127 .81 125.69 
D e l f i n 128.46 139 .43 142 .68 129.15 142.89 143 ,33 130.00 143.64 141.10 137 .85 
HD 1982 (wheat) 9 9 . 1 5 103 .85 106.00 9 9 . 7 5 108.31 105.19 101 .23 106 .51 104.00 10 3.78 
R u s s i a n Rye 164 .85 170 .65 172.44 165 .38 173.32 171 .85 166 .73 1 7 2 . l l 170 .78 169.79 
Mean 120.97 127 .68 137.00+ 121 .65 131 .45 129.44 123.17 130,56 128 .51 
C. D.. a t 5X I T r e a t m e n t 1.177 V a r i e t y 0 . 9 6 1 Trea tn ten t x V a r i e t y 2 . 8 8 3 
N. B. A un i form b a s a l dose of 30 kg K/ha was a p p l i e d a t t h e t i m e of sowing 
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With regard to the performance of varieties, rye 
proved significantly tallest among all the varieties at each 
stage. However, among triticales, Delfin showed significantly 
maximum value at heading and milky grain stage and was at par 
with Muskox "S" at tillering stage. On the contrary, wheat 
plants were significantly shortest at all the stages. 
Considering the effect of interaction (treatment x 
variety), ^ 200^50 ^ ^^ ^^^® maximum shoot length at tillering 
stage, but the value was at par with those given by three other 
interactions, including N2QQP4Q x rye. While N20QP4Q x rye 
proved optimum at heading and milky grain stage, the value was 
statistically equal to those given by three other interactions 
at heading stage and five other interactions at milky grain 
stage. On the other hand, N^50^30 ^ wheat gave minimum shoot 
length at all stages, but was at par with N^^QP^Q X wheat and 
^150^50 ^ wheat at tillering as well as at milky grain stage, 
and with three other interactions, including N^^QP^Q X wheat 
at heading stage, 
4.4,2,2 Tiller number 
The effect of fertiliser treatment, as well as 
response of varieties, was significant for tiller number/plant 
at all the stages. Interaction due to treatment x variety was 
also significant at tillering and heading stage (Table 57), 
Table 57J Effect of basal nitrogen and phosphorus combinations on tiller number/plant 
of triticale, wheat and rye varieties at three growth stages 
V a r i e t i e s 
TL 419 
T i g r e " S " 
MusKox " S " 
D e l f i n 
HD 1982 (wheat) 
R u s s i a n Rya 
Mean 
" l50 30 
5.33 
5.50 
4. 34 
5.49 
4 .93 
4 .51 
5.0 2 
N P 
200 40 
7 .38 
7 .33 
6 . 4 3 
7 . 6 4 
T.26 
6 .41 
7.07 
N P 250 
6 .49 
7 . 6 5 
5.62 
6 .55 
7 . 8 3 
5 .78 
6.97 
T r e a t m e n t s (kg /ha) 
N P JO 150 40 
Tlilerinq 
5.59 
6 .39 
4 . 6 1 
6 , 3 8 
5.35 
5. 50 
5.64 
N P 
200 40 
-ftpaqs 
6 .78 
7 .82 
5.76 
9 .58 
8.79 
6.66 
7 . 5 8 
«2 5 0 ^ 0 
6,77 
7 . 8 5 
5.60 
8 . 3 5 
7 . 7 1 
6 . 0 8 
7 .06 
N P 150 50 
6. 34 
6 . 7 3 
5.00 
6 .79 
6 .20 
5.37 
6 .08 
200 50 
6 . 7 5 
6 .69 
5.72 
8 .47 
6 .11 
5 .76 
7 . 0 8 
"250P!C 
6 . 6 5 
7 .66 
5 .98 
8 .42 
7 . 5 3 
6 . 5 3 
7 . 1 3 
Mean 
6 .45 
7 . 1 8 
5. 45 
7 .74 
7 . 0 8 
5 .85 
C D . a t 5X I Trea tment 0 . 2 7 8 V a r i e t y 0 .227 T rea tmen t x V a r i e t y 0,.681 
TL 419 6. 50 
T i g r e " S " 6 .15 
Muattox " S " 4.7 5 
D e l f i n 8 .43 
HP 1982 (wheat) 6. 54 
R u s s i a n Rye 6 .2 5 
6 .99 
8 .28 
6 .79 
8 .93 
8 .93 
8 .54 
8 .68 
9 . 5 1 
7 . 4 1 
9.77 
9. 12 
8. 52 
Heading 
6.76 
6 .73 
5.66 
8.60 
6.66 
7 .28 
s t a g e 
9 .76 
10.62 
7.47 
10.87 
9.40 
9.37 
7 . 7 3 
9 .37 
7 . 4 1 
9 .76 
8 .74 
8 . 4 5 
6 .80 
7 ,59 
5 .71 
8 .74 
7 . 4 8 
6 .64 
8 .86 
9 . 6 9 
7 . 4 3 
10 .48 
8.69 
7 .96 
8.50 
8.00 
6.00 
10 .05 
8.6o 
7.00 
7 ,84 
8 .43 
6 .51 
9 . 5 1 
8. 17 
7 .79 
Mean 6 .44 8.08 8.83 6 .95 9 .58 8 .91 7 .16 8.85 7 .92 
C D . a t 5% I T rea tmen t 0 . 2 6 3 V a r i e t y 0 . 2 1 5 T r e e a t m e n t x V a r i e t y 0 . 6 4 5 
TL 41Sl 6. 56 
T i g r e "S" 6 . 4 3 
Muskox " S " 4.7 5 
D e l f i n 8 .33 
HD 1982 (wheat) 6 . 6 3 
R u s s i a n Rye 6.17 
9 . 35 
8 .14 
6 .92 
9.10 
7 .07 
8. 57 
8.67 
9, 49 
7.07 
10 .33 
9 . 7 5 
8. 37 
Milky g r a i n s t a g e 
7.37 
6 .85 
5.64 
8 .35 
6 .93 
7 .19 
9 . 0 5 
10,86 
7 .50 
11.04 
9 .94 
9.27 
8.52 
10 .11 
6 . 8 3 
9 .90 
9 . 8 3 
9 . 5 1 
6 .71 8 .95 
7 . 6 1 9 .74 
6 .08 7 . 4 3 
8 .81 10.46 
8.07 ^ 8 .94 
6 . 8 1 8 .04 
6 .51 
9 . 0 5 
6 .60 
9 . 8 1 
9 . 7 1 
8 . 4 5 
7„97 
8.70 
6 .54 
9 .57 
8 .54 
7 . 9 3 
Mean 6 .47 8.19 8 .95 7 . 0 5 9 , 6 1 8 ,95 7 . 3 5 , 8 , 9 3 8 . 3 5 
C.D. a t 5% 1 T rea tmen t 0 ,7 32 
N . S , N o n - s i g n i f i c a n t 
V a r i e t y 0 , 5 9 8 Tres ' lment x V a r i e t y N.S . 
N. fl. A uniform b a s a l dose of 30 kg K/ha was a p p l i e d a t t h e t ime of sowing 
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The treatment N200P40 9av© highest number of tillers 
at all the stages. The value given by this treatment was,, 
however, at par with those given by three other treatments 
^^250^30* ^250^40 ^^^ ^200^50^ ^^ milky grain stage. As against 
this, N^^QP^Q gave minimum number of tillers at each stagei but 
at milky grain stage, it was at par with N^^QP^Q, Treatment 
N200P40 proved its superiority over NI^QP^Q by exhibiting 
50.6^, 4 8 , ^ and 4 8 . ^ more tillers at tillering, heading and 
milky grain stage respectively. 
Regarding the varietal response, Delfin proved best 
for tiller number at each stage. Conversely, the response of 
Muskox "S" was poorest at all the stages, Delfin showed an 
increase in tiller number of 9,3%, 16,^ and 12.1% over wheat 
and 32,3%, 22,1% and 20,7% over rye at tillering, heading and 
milky grain stage respectively. 
With respect to the effect due to interaction 
(significant at tillering and heading stage), N2Q0P40 ^ Delfin 
gave significantly highest value for tiller number at tillering 
stage. Contrary to this, the minimum number of tillers at this 
stage was given by N^5OP3Q X Muskox "S", which was at par with 
those of four other interactions, viz. 1^5oP4o ^ Muskox "S", 
'^l50^50 ^ Muskox "S«, N^5oP3o x wheat and M^  50^30 x rye. At this 
stage, NgQ^P^^ x Delfin proved 9,0% superior to 1^00^40 ^ "*^ ®^ * 
and 43,8% to N2QQP4Q x rye. At heading stage, N200P40 ^ delfin, 
equalled by NgQgP^Q x Delfin and N200P40 x Tigre "S", exhibited 
: 141 : 
the highest value for t i l l e r number. On the other hand, 
^150^30 ^ Muskox "S" produced the least number of t i l l e r s , 
^200^40 * ^ i ^ i " proved superior to N200P40 ^ wheat and 
^200^40 ^ ^® ^y 15.6% and 16.C% respectively. 
4,4,2,3 Leaf number 
The effect of fertiliser treatment and varietal 
differences with regard to this.parameter were significant at 
all stages. However, the effect of interaction (treatment x 
variety) was significant at heading and milky grain stage only 
(Table 58), 
Whereas highest number of leaves was produced in 
N2QQP4Q at all stages, K^^QP^Q gave the minimum number of leaves 
at each stage, except at milky grain stage where the value was 
at par with that for N^^QP^Q, The increase noted in ^ 200^40 
over N^50P3o was 29,SpS, 39,1% and 35,9% at tillering, heading 
and milky grain stage respectively. 
Among varieties, Delfin gave best response for leaf 
number at all the stages; but at milky grain stage, it was at 
par with Tigre "S"^;J^ the other hand, rye produced least 
number of leaves at all the stages, except at milky grain stage, 
where it was equalled by Muskox "S", Delfin proved superior to 
wheat and rye respectively by 5,^ and 23,8% at tillering stage, 
4,0% and 12.7% at heading stage and 3,3% and 15,1% at milky 
grain stage. 
T a b l e ' B S i E f f e c t of b a s a l n i t r o g e n and phosphorus c o m b i n a t i o n s on l e a f n u m b e r / p l a n t 
of t r i t i c a l e , wheat and rye v a r i e t i e s a t t h r e e growth s t a g e s 
V a r i e t i e s 
TL 419 
T i g r e " 3 " 
Muskox " S " 
D e l f l n 
HD 1982 (wheat) 
R u s s i a n Rye 
Mean 
N P 
150*^30 
14 .31 
15.69 
13.69 
15 .41 
14 .55 
14 .13 
14 .63 
N p 200*^30 
15 .61 
16.63 
15. 14 
17.00 
16.00 
14 .95 
15.89 
"2 50'^ 3C 
18.00 
18.64 
16.00 
19.46 
18 .45 
15.00 
17. 59 
Treatmen 
N p 150 40 
T i l l e r i n 
14 .85 
16,19 
14 .63 
16.00 
15.16 
14. 56 
15 .23 
t s (kg/ha 
N P 200 40 
g s t a g e 
19 .45 
19.80 
17,97 
21 .31 
19.00 
16.12 
18.94 
) 
^^250^0 
17 .85 
18 .51 
15 ,45 
19.00 
18.29 
14 .85 
17.33 
^ 5 o % 
15 .61 
16.63 
15 .14 
17.00 
16.00 
14 .95 
15.89 
N P 
200 50 
18 .45 
19.00 
16 .11 
20. 39 
18 .51 
1 5 . 1 1 
17 .93 
N P 2 50 50 
17 .61 
17 .63 
15.17 
13 .11 
17 .65 
14i96 
16 .85 
16.94 
17.86 
15 .68 
18. 34 
17, 34 
14.82 
C D , a t 5XJ Trea tment 0 .99 3 V a r i e t y 0 .810 T rea tmen t x V a r i e t y M.S. 
Heading stage 
TL 419 17.74 22.22 22 .18 18 .83 23.90 22 .11 
T i g r e " S " 17.47 22 .45 22.49 18 .13 24 .34 22.36 
Muskox "S" 15.76 23,47 22 .15 18.07 23.86 21 .38 
D e l f i n 16.80 23 .31 22.76 17.73 26 .64 23 .74 
HD 1982 (wheat) 19.64 22,40 21 .78 20.06 23.09 21 .08 
R u s s i a n Rye 16 .85 20 .05 19.87 17.23 23.12 20.56 
18.92 2 2 . 6 5 21*48 21.06 
19 .65 2 3 . 4 5 22 .14 21.39 
19.77 22 .46 20 .92 2 0 . 8 5 
18 .64 25 .54 22 .43 22.07 
20.66 22.06 20 .33 21 ,23 
18 .68 20 .42 19 .48 19 .58 
Mean 17.37 22.32 2 2 . 0 4 18,34 24,16 21.87 19 .38 22 .76 21 .13 
C. p . a t 5Xi Trea tmen t 0 . 6 4 3 V a r i e t y 0 . 5 2 5 T rea tmen t x V a r i e t y 1.57 5 
Milky g r a i n s t a g e 
TL 419 19 .13 24 .13 26 .42 19.26 28,56 25.87 21.37 27.19 25.00 24.10 
T i g r e " S " 23 .18 27.96 27 .63 22 .41 28 .95 27.40 23.60 27 .84 26.90 26 .21 
Muskox " S " 17 .65 24.79 25.80 18.50 26 .68 25 .44 22.00 2 5 . 9 1 24 .68 23.27 
D e l f i n 22.60 26 .41 28 .34 23.10 30.31 27 .95 2 4 . 3 5 29 .32 27.Qo' 26.60 
HD 1982 (wheat) 21 .85 26.46 2 7 . 8 5 22.46 28 .45 27 .11 23 .68 27 .46 2 6 . 4 5 25 ,75 
R u s s i a n Rye 19 .81 2 4 . 8 5 24.00 21.39 25.86 24.40 2 0 . 2 5 23 .89 23 .64 23 .12 
Mean 20.70 25.77 26.6"? 21 .18 28 .13 26.36 22.20 26 .93 25*61 
C. D. a t 5X I Trea tment 0 .630 
N. s . N o n - s i g n i f i c a n t 
V a r i e t y 0 .514 Trea tmen t x V a r i e t y 1.543 
N. B. A uni form b a s a l dose of 30 kg K/ha was a p p l i e d a t t h e tirpe of sowing 
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Regarding the effects of interaction, N2QQP4Q x Delfin 
produced highest number of leaves both at heading and milky 
grain stage, but the value was at par with that of N 2 Q Q P ^ X 
Delfin at heading stage; while at milky grain stage, this 
interaction was equalled by 1^00^50 ^  ^ ^^^"^ ^^^ ^200^40 ^ 
Tigre "S", On the contrary, the least value was given by 
^150^30 ^  Wuskox "S" at heading and milky grain stagei but at 
heading stage, the value was statistically equal to those given 
by three other interactions (including N^^gPgQ x rye) and at 
milky grain stage, to those given by N^55^30 x TL 419 and 
'^l50^40 ^  Wuskox "S". N20QP4Q x Delfin was 1 5 , ^ and 6,% 
superior to ^ 200^40 ^ wheat, and 15,2?^  and 17,2?i to ^ 200^40 ^ 
rye at heading and milky grain stage respectively. 
4,4,2A Fresh weight 
Treatment as well as the interaction (treatment x 
variety) affected the fresh weight of plants significantly at 
all the stagesj so was the response of varieties (Table 59), 
The maximum value for fresh weight was exhibited by 
^200^40 ®^ ®^^ ^^^ stages. This treatment gave highest value 
at tillering stage, but was at par with N2QQP50 at heading and 
milky grain stage. Whereas, minimum value for fresh weight was 
shown by N^5o%0 ^* ^^^^ stage, it was critically different from 
those of other varieties at tillering stage, but was at par with 
that of N^50^40 ®* heading and milky grain stage, N2QQP4Q 
T a b l e 59i E f f e c t of b a s a l n i t r o g e n and phosphorus c o m b i n a t i o n s on f r e sh w e i g h t / p l a n t (g) 
of t r l t i c a l e , wheat and rye v a r i e t i e s a t t h r e e growth s t a g e s 
V a r i e t i e s 
TL 419 
T i g r e " S " 
Muskox " S " 
D e l f l n 
HD 1982 (wheat) 
R u s s i a n Rye 
Mean 
"isb^o 
19 .83 
25 .14 
20.47 
27.66 
19.44 
20 .33 
20 .14 
N P 
200 30 
25.72 
29.44 
26.22 
34.59 
23.92 
2 4 . 4 5 
27 . 39 
"260 ^^ 30 
2 8 . 4 5 
30 .11 
27 .28 
37.24 
23.86 
26 .38 
28.89 
T r e a t m e n t s {kg/ha 
•^iw^o 
T i l l e r i n g 
20.97 
26 .33 
21 .63 
28.37 
20.47 
21.66 
23,24 
N P 200 40 
s t a cje 
30 .43 
31.87 
28.87 
38.6 3 
2 5.37 
27 .51 
30,4 5 
) 
N P 2 50 40 
27 ,98 
30.00 
27 .01 
37.00 
23 .43 
27,0 3 
28.7 4 
" l 5 0 % 
22.40 
21.87 
23 .02 
30.07 
21 ,63 
22 .98 
24.67 
N P 200 50 
29.00 
30.84 
27 .42 
38.00 
24.46 
25 .93 
29 .24 
^250' '50 
27,90 
30 ,05 
26,90 
36 .74 
23 .24 
26.40 
28.49 
25,86 
29 .05 
2 5.43 
34.23 
22.67 
24.74 
C D . a t 5% t T rea tmen t 0 .624 V a t r i e t y 0 .509 Trea tmen t x V a r i e t y 1.628 
Heading stage 
TL 419 
T i g r e " S " 
Mustox " S " 
D e l f i n 
HD 1982 (wheat) 
R u s s i a n Rye 
Mean 
43.80 
42 .54 
40 ,45 
49 .63 
35.70 
34.56 
4 1 . 1 1 
46. 38 
48.00 
45,06 
53 .11 
42.40 
42 .43 
46 .23 
48,00 
49,32 
47,60 
54 .15 
4 3 , 4 1 
44,69 
47.86 
44 ,45 
43 .43 
4 1 . 1 1 
50. 38 
36 .25 
35.55 
41.86 
48 .81 
50.90 
48. 91 
55.49 
45.19 
46 .11 
49.24 
47 ,73 
49.10 
4 7 . 4 1 
53 .81 
43 .22 
43.79 
47 .51 
4 5. 19 
44. 30 
41.60 
50.46 
39.00 
37. 39 
42.99 
48. 31 
50. 32 
47.69 
55.27 
4 4 . 4 4 
4 5 . 4 5 
48 .58 
46 .88 
48.80 
46.80 
53.10 
4 3 , 7 1 
44,79 
47. 35 
46,62 
47 .41 
4 5. 18 
52.82 
41 .48 
41 .64 
C D . a t 5X J T rea tmen t 0 , 8 3 8 V a r i e t y 0 ,684 Treat^^ent x V a r i e t y 2.0 52 
Milky g r a i n s t a g e 
TL 419 57.54 7 1 . 3 3 75 .00 58.44 75 .69 73 .69 6 4 . 4 1 75 .40 
T i g r e " S " 66 .00 7 4 , 4 3 7 6 , 7 8 67 ,19 7 7 , 6 1 7 4 , 3 4 6 9 , 6 5 7 6 . 4 3 
Muskox " S " 54 ,65 65 ,26 7 6 , 1 1 55,72 78 ,20 7 5 . 4 3 57.00 77 .47 
D e l f l n 6 5 . 3 1 76 .80 80 .76 66 .38 83.46 80 .00 6 8 . 1 1 8 2 . 4 1 
HD 1982 (wheat) 44.70 53 .11 54 .55 45 .43 55.79 53.81 49.00 55 .13 
R u s s i a n Rye 49.60 53 .41 54,15 50.54 54.32 53 .63 52,06 54,00 53,32 
Mean 56,30 65 .72 69 ,56 57,28 7 0 . 8 5 6 8 , 4 8 60 .04 7 0 . 1 4 67 .77 
C D . a t 5% I Trea tment 1.125 V a r i e t y 0 . 9 18 Trea tment x V a r i e t y 2.7 53 
N. B. A uni form b a s a l dose of 30 kg K/ha was a p p l i e d a t t h e t ime of sowing 
7 3.20 
7 3.80 
7 3.40 
7 9 . 4 2 
53.46 
3. 
6 9 . 4 1 
7 2 . 9 1 
68 . 14 
7 5 .35 
51.66 
52.7 8 
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produced 37,59^, 19.8?^  and 25.8^ more fresh weight than N^^Q^SO 
at tillering, heading and milky grain stage respectively. 
Regarding varieties, Delfin gave the maximum value for 
fresh weight at all the stages^ whereas, the lowest value at each 
stage was given by wheat; which differed critically from those of 
other varieties at tillering and milky grain stage, but at 
heading stage, it was at par with that recorded for rye, Delfin 
proved 49,7%, 27.35!S and 46,^ superior to wheat and 38.4%, 26.8% 
and 43,7% to rye at tillering, heading and milky grain stage 
respectively. 
Among interactions, ^ 200^40 ^ delfin gave maximum; 
fresh weight at all the stages. The value given by this 
interaction, was, however, equal to those given by three other 
interactions at tillering and heading stage; while at milky 
grain stage, it was at par with those given by ^200^0 ^ ^^^^if* 
and 1^ 250^ 30 * Delfin, On the other hand, lowest fresh weight 
was given by N ^ ^ Q ^ O ^ wheat both at tillering and milky grain 
stage, and the value was at par with those noted for five other 
interactions (including N^50^40 ^ wheat and N^SQPSO ^ ^ ® ^ ®* 
tillering stagej but, at milky grain stage, it was at par with 
that for N^ 50^40 * '*'®®* o^Y* "^^^ lowest value at heading 
stage was given by N J ^ P ^ Q X rye and was at par with those 
registered for three other interactions, viz, N-J^PQQ X wheat, 
^150^40 ^ *^®®^ ^^^ ^150^40 * ^^* ^ ® increase in N2oo^40 * 
Delfin over ^200^40 * wheat and ^QQP^Q X rye was 52,3% and 
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40.451$ at tillering stage, 22.8^ and 20.3% at heading stage and 
49,6% and 5 3 . ^ at milky grain stage respectively, 
^•^•2,5 Dry weight 
The effect of fertiliser treatment as well as varietal 
differences were found significant with regard to dry weight at 
each stagei Ibut interaction effect was significant at heading 
and milky grain stage only (Table 60), 
The treatment ^200^40 P^^^^^ optimum for dry weight of 
plant at tillering and milky grain stage. Maximum dry weight at 
heading stage was recorded for the same treatmenti but the value 
was equal to that given by N20QP5Q, Treatment N^50^30 9®^® *^® 
least value for dry weight at all the stages. However, it was 
at par with N^50^40 ®* ^^^^ stage, ^^00^40 ^^^* 75,9%, 57.6% 
and 40,6% more dry weight than N^SQPSO at tillering, heading and 
milky grain stage respectively. 
Regarding varieties, Delfin produced the maximum dry 
matter at all the stages, whereas Muskox "S" had minimum diy 
weight at each stage. The value recorded for Muskox "S* was 
critically different from those for all other varieties at 
heading stage, but was at par with those registered for TL 419, 
wheat and rye at tillering stage and with that given by rye at 
milky grain stage, Delfin produced 11,^, 23.7% and 20.2% more 
dry matter than wheat and 13,0%, 8.9% and 32,6%, than rye at 
tillering, heading and milky grain stage respectively. 
Tab le 50i E f f e c t of b a s a l n i t r o g e n and phosphorus c o m b i n a t i o n s on d r y weight (g) 
of t r i t i c a l e , whe;it and rye v a r i e t i e s a t t h r e e growth s t a g e s 
V a r i e t i e s 
TL 419 
T l g r e "S" 
Muskox "S" 
D e l f i n 
HD 1982 ( w h e a t ) 
R u s s i a n Rye 
Mean 
^ 1 5 0 ^ 3 0 
5 . 37 
5 . 6 5 
5, 11 
S . 3 4 
4 , 1 5 
5 . 0 8 
5 . 2 2 
N P 
200 30 
7 . 8 3 
7 . 0 3 
6 , 46 
8 . 4 3 
7 . 1 0 
7 . 2 1 
7 . 3 4 
Tro , - . tmen t 
N P M P 
2 50 30 150 40 
B.OO 
8 . 0 1 
7 . 36 
9 . 0 4 
8 . 0 4 
7 . 9 3 
8 . 0 6 
T.i U e r i n y 
5 . 8 2 
6 . 2 6 
5 . 30 
6 . 0 7 
5 . 38 
5 . 8 2 
5 . 7 8 
s ( k g / h a ) 
t) P 
200 40 
s t n g e 
8 . 7 4 
9 . 6 7 
8 . 6 4 
9 . 9 3 
9 . 0 8 
9 . 0 5 
9 . 1 8 
N P 
2 50 40 
7 . 6 3 
7 . 6 4 
7 . 0 3 
8 . 6 9 
7 . 9 0 " 
7 . 8 3 
7 . 7 8 
" l 50^-50 
6 . 38 
6 . 7 3 
6 , 0 3 I 
7 . 0 4 1 
6 . 37 
6 . 0 4 
6 . 43 
N P 
200 50 
8 . 15 
8 . 4 3 ' 
7 . 4 0 
9 . 4 2 
8 . 6 7 
8 . 0 5 
8 . 35 
N P 
250*^50 
7 . 6 5 
7 . 56 
6 . 8 5 
8 , 53 
7 . 6 2 
7 . 2 0 
7 . 5 6 
Mean 
7 . 26 
7 , 44 
6 . 6 9 
3 . 0 6 
7 . 2 1 
7 . 1 3 
C D . a t 5% ! T rea tmen t 0 .744 V a r i e t y 0 .607 T r e a t m e n t x V a r i e t y N. S. 
Heading s t i ige 
TL 419 8.92 14,64 16 .10- 10.01 16 .81 15.67 13.07 16.34 15.16 14„08 
T i g r e " S " 11 .35 15.46 16.00 12 .11 17 .15 15.77 13 .45 16.44 15.47 14,80 
Muskox "S" 8 .91 10.32 U . 6 7 10.32 -12.60 11 .01 10.82 11 .91 10.44 10.89 
D e l f i n 1? .67 15.41 16.00 12.76 18.78 17.80 13 .91 18.50 17 .15 16 .11 
HD 1982 (wheat) 9 , 6 3 13.47 14 .73 10.10 15.33 14.33 10 .85 15.13 13 .63 13.02 
Russ ian Rye 9 .70 13.62 14,08 10 .05 15.77 15.17 12 .11 15 .05 14 .68 14 .68 
Mean 10.20 13 .81 15.10 10.89 16.08 14.96 12.37 15.56 14.42 
C D . a t S% J Trea tment 0 .729 . V a r i e t y 0 . 5 9 5 Trea tment x V a r i e t y 1.790 
Milky g r a i n s t a g e 
TL 419 16 .75 21 .44 22.17 17.19 23 .85 21 .13 
T l g r e " S " 17 .62 24.59 22 .98 18 .05 25,62 23.40 
Muskox "S» 13.80 17.46 18 .41 13.97 19 ,73 18.00 
D e l f i n 19 .58 23 .73 24 .41 20 .41 25 .45 24.10 
HD 1982 (wheat) 16.90 19.16 20.06 18.07 21 .63 19 .15 
R u s s i a n Rye 15.46 17.66 18 ,11 16 .15 19 .44 17.52 
Mean 16.69 20.67 21 .02 17 .31 22 .62 20 .55 18 .33 21 .64 20 .48 
C D , a t 5X I T rea tmen t 0 .724 V a r i e t y 0 . 5 9 1 Trea tmen t x V a r i e t y 1.772 
N , S , N o n - s i g n i f i c a n t 
N. B. A uni form b a s a l dose of 30 kg K/ha was a p p l i e d a t t h e t ime of sowing 
1 8 , 17 
2 0 . 1 0 
1 4 . 6 2 
2 1 . 8 4 
1 8 . 4 0 
1 6 . 8 3 
2 3 . 0 7 
2 4 . 4 4 
1 9 . 0 0 
2 4 . 9 1 
2 0 . 7 4 
1 7 . 6 5 
2 1 . 3 4 
2 3 . 0 4 
1 7 . 6 2 
2 3 . 6 6 
1 9 . 0 4 
1 8 . 1 8 
2 0 . 5 7 
2 2 . 2 1 
1 6 . 9 6 
2 3 . 12 
1 9 . 2 4 
1 7 . 4 4 
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With regard to the effect of the interaction 
(treatment x variety), NgQQp^Q x Delfin gave maximum dry weight 
at heading stagei but the value was statiaticaliy equal to 
those noted for five other interactions. At milky grain 8tag#, 
maximum dry weight was registered for N2Q0P4Q x Tigre "S", which 
was equal to those of seven other interactions, including 
NrtQQp^Q X Delfin* Lowest dry weight at heading as well as milky 
grain stage was given by N^^QP^Q X Muskox "S"j but the value was 
equal to those recorded for eight other interactions at heading 
stage and, three other interactions at milky grain stage, 
including N^ 50^30 ^ ^ ® ^" ^^^^ *^® cases, N20OP4Q x Delf in 
proved 22,5P^  and 17,79^  superior to ^QQP4Q X wheat and 19.1% and 
and 30,996, to ^2^0^40 * ^Y® ^^ heading and milky grain stage 
respectively; whereas, ^200^40 * ^ ^ 9 ^ "S" 9®^® 18.4% and 31,8% 
more dry weight than ^^00^40 * wheat and ^^oo^40 ^ ^ ® ^^ niilky 
grain stage, 
4,4.3 Leaf'-'putrient contents 
Leaf-NPK contents were estimated at tillering, heading 
and milky grain stages of growth. The effect of fertiliser 
treatment and varietal response were significant for all the 
leaf-nutrients at each stage. However, interaction was 
significant for leaf-N and K at one or the other stagei while 
leaf->P content was non«>significant at all the stages 
(Tables 61-63). 
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^•^•3,1 Leaf^nitrogen content 
The effect of fertiliser treatment as well as varietal 
response were significant with regard to leaf-N content at each 
stage. However, interaction between treatment and variety was 
significant only at milky grain stage (Table 61), 
Treatment 1^50^50 (®c|ualled by ^250^40^ ^^^® *^^ 
maximum leaf-N content at tillering stage. At heading stage, the 
maximum value was given by l^SO^O* ^^^^^ ^ ^® equal to those given 
^y ^50*^40* ^250^50 ^ ^ ^00^40^^"^^ ^ * ^^^^ ^^^^" stage, the 
highest value was given by ^ 250^40 ^^* ^^^ ^^^^ ^ 50^30 ^^^ 
^50^30^' The lowest value was given by Ni 59^30 ®^ ®^^ stages, 
but at tillering and heading stage, the value was at par with that 
given by N^^^P^Q, The increase due to ^^QP^Q* ^ Q P S Q and 
^250^40 ®^®^ ^ 50^30 ^^^ 62.8?S, 51,^ and 124,7% at tillering, 
heading and milky grain stage respectively. 
Regarding the performance of varieties, Delfin gave 
the highest value for leaf-N content at tillering and heading 
stage. However, at milky grain stage, maximum value was given 
by Tigre "S", followed by those recorded for wheat and Delfin, 
On the contrary, rye gave minimum value at tillering stage, 
which was equal to that given by TL 419, At heading and milky 
grain stage, Muskox "S" showed minimum leaf-N content and the 
value differed critically from those given by other varieties 
at heading stage, but was at par with those given by rye and 
TL 419 
T i g r e "S'l 
Kuskox " 3 " 
D e l f i n 
2 .665 
3.870 
2.987 
4 .84c 
Table 61) Effect of basal nitrogen and pho,';phorii;; ccunliinationa on lesf-nitrogen content (%) 
of t r lLicale , whecit. and rye variet ies at throe growtn stages ' 
Treatments Ckg/lia) 
Varieties • • Mean 
N P N P N P N P N P N P N P . N P N P 
150 30 200 30 2 SO 30 150 40 200 40 250 40 150 50 200 50 2 50 50 
T i l l e r i n g stage 
4.420 4.979 3.321 4.100 5.613 3.766 4.621 5.20 3 4.299 
4.549 4.855 4.460 5.586 5.731 4.748 5.460 6.850 5.123 
4.687 5.433 3.342 3.982 5.690 3.670 4.386 6.734 4.546 
5.713 6.685 5.039 5.685 6.450 5.457 5.659 5.800 5.704 
HD 1982 twheat) 3.644 4.895 5.269 3.766 4.786 5.922 4.288 4J350 5.287 4.690 
Russian Rye 3.249 4.070 4.559 3.350 5.043 3.969 3.458 4,365 4.731 4.088 
Mean 3.544 4.722 5.297 3.880 4.B64 5.562 4.231 5.807 5.768 
C D . a t 5% 1 t rea tment 0.4 18 Variety 0.342 Treatment x Var ie ty N. S. 
Heading s tage 
TL 419 2.024 3.457 3.901 2.670 4.021 3.234 3.000 3.252 4.021 3.244 
Tigre "S" 3.150 3.769 3.985 3.323 3.866 3.890 3.424 3.965 4.124 3.722 
Muskox "S" 2.023 2.670 3.490 2.214 3.100 3.543 2.212 2.785 3.431 2.832 
Delfin 3.541 4.559 4.585 3.555 4.489 4.576 4.386 4.550 4.570 4.312 
HD 1982 (wheat) 2.986 3.447 4.585 2.990 4.287 4.549 3.050 3.523 4.500 3.769 
Russian Rye 2.310 3.349 3.731 2.800 3.545 3.668 3.060 -3,324 3.946 3.304 
Mean 2.672 3.542 4.046 2.925 3.862 3.910 3.189 3.566 4.035 
CD. a t 5X I Treatment 0.27 5 Variety 0.224 Treatment x Var ie ty N. S. 
Milky gra in stage 
TL 419 1.041 2.433 2.641 1.432 2.510 2.785 1.756 2.222 2.410 2.137 
Tigre "S" 1.557 2.569 3.985 2.O6O 3.423 3.858 2.146 3.687 3.800 3.009 
Muskox "S" 1.042 1.886 2.370 1.431 2.913 2.647 1.755 2.202 2.622 2.096 
Delfin 1.650 2.446 2.987 1.957 2.543 2.847 2.300 2.510 2.747 2.443 
HD 1982 (wheat) 1.759 2.734 2.814 1.865 2.713 2.890 2.185 2.766 2.975 2.522 
Russian Rye 0.813 2.623 2.649 1.821 2.246 2.632 1.947 2.300 2.785 2.202 
Mean 1.310 2.449 2.9o8 1.761 2.725 2.943 2.015 2.615 2.890 
C D . a t 5X I Treatment 0.20'. Variety 0 . 16b Treatment x Var ie ty 0.499 
N.S. Non-s ign i f ican t 
N. B. A uniform basal dose of 30 kg K/ha was .ipplied a t the time of sowing 
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TL 419 at milky grain stage. Delfin gave 21,6% and 1 4 , ^ higher 
leaf-N content than wheat and 3 9 . ^ and 3 0 , S , than rye at 
t i l l e r ing and heading stage respectively. At milky grain stage, 
Tigre "S" surpassed wheat and rye by 19.3?S and 36,6% 
respectively. 
The interaction effect was significant at milky grain 
stage only, N25QP3Q x Tigre "S" gave maximum value, which v;as 
equal to those given by three other interactions. On the other 
hand, N150P30 ^ V^®* equalled by N^  50^30 ^ ^^ ^^^ ^"^ 'S 50^30 ^ 
Muskox "S" gave least value. The increase due to ^250^30 ^ 
Tigre "S" over N25QP3Q x wheat and N25o^3o ^ ^® w®® 41,6% and . 
5 0 . ^ respectively, 
4,4.3,2 Leaf-phosphorus content 
The effect of fertiliser treatment on leaf-P content 
was significant at each stage. Varietal response was also 
significant at each stage. However, interaction (treatment x 
variety) was non-significant at all the stage5(Table 62), 
Treatment N25QP40 exhibited maximum leaf-P content each 
at tillering and heading stagej but the value was at par with 
those given by N^QOPSQ* ^^ho ^^ ^ 0 ^ 5 0 ^ * tillering stage, 
and with those recorded for N20QP3Q, ^20oP40» ^ 0 ^ 5 0 ' ^50^30 
and Ng^^P^Q at heading stage, v/hereas ^250^50* ®^"3i^®^ '^ Y 
^50^40* P^°^^^ ^^^ 3* milky grain stage. On the other hand. 
T a b l e 62i E f f e c t of b a s a l n i t r o g e n and phosphorus c o m b i n o t l o n s on l e a f - p h o s p h o r u s c o n t e n t {%) 
of t r i t i c a l e , wheat and rye v a r i e t i e s a t t h r e e growth s t a g e s 
T r e a t i n e n t s (kg /ha) 
V a r i e t i e s Mean 
•^150^30 "200^30 ^250^30 "^150^40 "20o''3O ^250^40 ^150^50 "^200^50 '^25o''50 
Tillering stage 
TL 419 0 . 2 1 5 0 .304 0 . 3 1 5 0 . 2 8 3 0 .304 0 . 3 1 8 0 . 2 8 3 0 .309 0 . 3 2 2 0 .29 5 
T i g r e " S " 0 .211 0 . 3 8 3 0 .367 0 .222 0 .336 0 .360 0 .226 0 .336 0 ,332 0 . 3 0 8 
Muskox " 3 " 0 . 2 7 5 0 .292 0 .336 0 . 2 7 5 0 .304 0.367 0 . 283 0 . 3 3 1 0 .384 0 .317 
D e l f i n 0 .275 0 . 2 9 5 0 .360 0 .292 0 .396 0 . 3 7 5 0 .292 0 .346 0 . 3 1 8 0 . 3 2 8 
HD 1982 (wheat) 0 .252 0 .346 0 . 3 7 5 0.267 0 .360 0 ,386 0 . 2 8 3 0 .370 0 .407 0„ 338 
Russ i an Rye 0.197 0 . 2 5 5 0 .309 0 .251 0 . 2 5 5 0.317 0 . 2 5 1 0 . 2 9 5 0 . 3 4 5 0 . 2 7 5 
Mean 0 .238 0 . 3 1 3 0 .344 0 . 2 6 5 0 . 3 2 1 0 .354 0 . 2 7 1 0 . 3 3 1 0 . 3 5 1 
C D . a t 5% I Trea tment 0 . 0 2 5 V a r i e t y 0 . 0 2 1 T rea tmen t x V a r i e t y N. S. 
Heading s t a g e 
TL 419 0 .166 0 .288 0 . 2 1 5 0 ,191 0 .234 0 . 2 7 5 0 . 1 9 1 . 0 .236 0 .236 0 .226 
T i g r e " S " 0 .171 0 .198 0 . 2 1 5 0 .181 0 , 2 0 1 0 .219 0 . 1 8 8 | 0 . 2 0 8 0 .222 O.l'.OO 
Muskox " S " 0 .159 0 . 1 8 1 0 .201 0 .175 0 . 2 1 5 0 . 2 1 1 0 . 1 7 8 0 , 1 9 1 0 . 1 8 1 0 .188 
D e l f i n 0 .248 0 . 2 8 1 0 .287 0 . 2 5 1 0 .310 0 .300 0 . 2 7 1 0 .300 0 , 2 8 5 0 .282 
HD 1982 (wheat) 0 .188 0 .208 0 .240 0 .201 0 ,232 0 . 2 4 8 0 ,204 0 .236 0 , 2 4 8 0 , 2 2 3 
Russ ian Rye 0 .102 0 .176 0 . 2 1 5 0 .150 0 .179 0 .219 0 .171 0 .209 0 .236 0 .134 
Mean 0 .172 0 .222 0 .229 0 .192 0 .229 0 .246 0 . 2 0 1 0 .230 0 . 2 3 5 
C D . a t 5% 1 Trea tment 0 . 0 2 5 V a r i e t y 0.020 Trea tmen t x V a r i e t y K. s. 
Milky g r a i n s t a g e 
TL 419 0 .150 0 , 1 9 1 0 .198 0 ,151 0 .195 0 . 2 0 1 0 .168 0 .196 0 .206 0 . 1 4 3 
T i g r e "S" 0 , 1 5 3 0 . 1 9 1 0 . 1 8 3 0 .124 0 .178 0 , 1 7 1 0 .112 0 .180 0 .196 0 .16 5 
Muskox " S " 0 .130 0 .171 0 .171 0 .141 0 .156 0 . 1 5 3 0 .144 0 . 1 6 3 0 . 1 9 5 0 .159 
D e l f i n 0 . 1 8 1 0 .197 0 .210 0 . 1 9 1 0 .204 0 . 2 1 1 0 . 1 9 5 0 .209 0 . 2 1 5 0 .201 
HD 1982 (wheat) 0 .104 0 ,117 0 . 1 3 8 0 .107 0,117 0 , 1 3 8 0 , 1 1 5 0 ,119 0 ,159 0 .124 
R u s s i a n Rye 0 .049 0 ,091 0 .110 0 .058 r . 0 9 7 0 .140 0 , 0 7 5 0 .097 0 ,197 0 .102 
Mean 0 . 1 2 3 0 .160 0 , 1 6 5 0 ,129 0 .158 0 . 1 7 3 0 . 1 3 5 0 . 1 6 1 0 , 1 9 5 
C D . a t S% » T rea tmen t 0 .022 V a r i e t y 0 .018 Trea tmen t x V a r i e t y N. S. 
N. S. N o n - s i g n i f i c a n t 
N. B. A uni form b a s a l dose of 30 kg K/ha was a p p l i e d a t t he t ime of sowing 
t 1148 ; 
^150^30 ^®^® lowest value at tillering stage. This treatment gave 
minimum leaf-P content at heading and milky grain stage also, but 
the value was at par with that registered for N'|5QP4O at heading 
stage and with those given by N ^ 5 Q P 4 O ^^^ ^150^50 ^^ ^^^Y grain 
stage. ^250^40 ^^^® 48,7% and 43.0% more leaf-P content than 
^150^30 ®* tillering and heading stage respectively, while at 
milky grain stage, H ^ ^ Q P ^ Q was 58.5^ superior to N ^ S Q P S O * 
With regard to the response of varieties, maximum 
leaf-P content at tillering stage was given by wheat. However, 
the value was equal to those given by Delfin and Muskox "S", At 
heading and milky grain stage, Delfin proved best; but the value 
was at par with XL 419 at milky grain stage. Minimum leaf-P 
content was given by rye at all the stages; but the value was at 
par with that exhibited by TL 419 at tillering stage, with that 
given by Tigre "S" and Muskox "S" at heading stage and with that 
given by wheat at milky grain stage, Delfin had 26.5pi and 621,156 
more leaf-P content than vrfieat and 53,3?S and 97.1?6,than rye at 
heading and milky grain stage respectively, 
4,4.3.3 Leaf-potassium content 
The effect of fertiliser treatment on leaf-K content 
as well as varietal differences in this regard were significant 
at all the stages. Moreover, interaction between treatment and 
variety was significant at tillering and milky grain stage 
(Table 6 3 ) , 
i 149 : 
Treatment l^^ SO^ SO ^^ ^® maximum leaf-K content at 
t i l l e r ing and heading stage. The value given by this treatment 
was at par with those given by N25QP40 and ^250^50 ^^ tillejring 
stage and by ^o^^AO ^^ *^ ®aciing stage. However at milky grain 
stage, N25QP4Q exhibited maximum leaf-K content, -^j 50^30 '^^ ^® 
lowest leaf-K Content at a l l the stages, but the value was at par 
with those for N^  50^40 ^'^^ ^150^S0 ®* heading stage and, for 
^150^40 ^^ niilky grain stage. Treatment N25QP3Q proved i t s 
superiority over ^I^QP^Q by showing 47.7% and 46,2% more leaf-K 
content than the l a t t e r at t i l l e r ing and heading stage respectively^ 
while, at milky grain stage, ^^5oP4o 9^ve 57,7% more value than 
^ 50^30* 
Among the varieties, Delfin gave maximum leaf-K 
content at tillering and milky grain stage; but in each case, 
the value was at par with that given by Tigre "S", However, at 
heading stage, Tigre "S" gave maximum value, which was equal to 
th&t of Delf in. Delf in gave 22.2%, 49.5^ and 30,C1% more leaf-K 
content than wheat and 30*7%, 70,3^ and 67,9% more than rye at 
tillering, heading and milky grain stage respectively. Whereas 
at heading stage, Tigre "S" proved 54,6% and 76,1% superior to 
wheat and rye respectively. 
Regarding the interaction effects (significant at 
tillering and milky grain stage), N2QQP4Q x Delfin, equalled by 
N250P30 ^ Tigre "S", gave maximum leaf-K content at tillering 
T a b l e 63i E f f e c t of b a s a l n i t r o g e n and phosphorus c o m b i n a t i o n s on l e a f - p o t a s s i i m c o n t e n t (%) 
of t r i t i c a l e , wheat and rye v a r i e t i e s a t t h r e e growth s t a g e s 
V a r i e t i e s 
T r e a t m e n t s (kg /ha) 
N P N P N P M P M P N P N P N P N P 
150 30 200 30 "250*^30 150*^40 200 40 260 40 160 50 200 50 "ZM 50 
Mean 
T i l l e r i n g s t a g e 
XL 419 5 .225 7 .550 8 .612 5.751 7 . 1 1 3 9 . 8 3 1 5 .871 6 .200 8.600 
T i g r e " S " 7 .000 8.300 10.560 7 .612 8 .831 9.400 8.200 8 .243 9 .400 
Muskox " S " 5 .905 8.950 8,752 6 .200 7 .250 8.912 8 .^50 6 .950 8 .915 
D e l f i n 7 .050 8.100 9 .450 7 .660 10.950 9 .200 8 .100 9 .150 8.400 
HD 1982 (wheat) 5.460 6 .500 8.900 6 ,050 9 .650 7 .100 6 .350 6 .900 6.950 
R u s s i a n Rye 5.650 6.250 7 .300 5.950 6.700 7 .000 5,250 6.860 7 .750 
7 .195 
8.57 2 
7 , 6 4 3 
8 .672 
7 ,094 
6 .633 
Mean 6.047 7 ,692 8,929 6,536 8.416 8 .574 6 .954 7 .382 8.336 
C D . a t 554 I T rea tmen t 0 .408 V a r i e t y 0 , 3 3 3 T r e a t m e n t x V a r i e t y l . ono 
Heading s t a g e 
TL 419 4. 650 4,860 6,960 
T i g r e "S" 7 ,000 9.560 7 ,243 
Kustox " S " 3,905 6.950 6 ,915 4.960 
D e l f i n 5.800 7.000 9 .100 
MD 1982 (wheat) 4.600 6 .100 6 .6 ' JO 
R u s s i a n Rye 2,600 3,350 6.750 
4,7 60 
6 ,61 2 
 
5 .2 60 
3. 600 
3. 360 
5,750 
7 .831 
5,2 50 
7, 300 
6.200 
-1,700 
6,0 50 
8. 400 
6 ,912 
8.6 50 
5. 0 50 
6.660 
4.7 50 
7 . 200 
4, 200 
6.400 
3, 400 
J, 200 
6,000 6,550 
7 .800 8.400 
4.950 6 .762 
7 .900 8 .358 
5.500 5.6 60 
6.160 5.450 
6.467 
7 .672 
5 ,542 
7 .418 
4 .961 
4. 366 
Mean 4.7,43 6 .302 6 .935 4 .90? 6 .005 6 .785 4 .858 6.050 6.860 
C. D. a t 5°/. I T rea tmen t 0 .48 5 V a r i e t y 0 .396 Trea tmen t x V a r i e t y N. S, 
Ki lky g r a i n s t a g e 
TL 419 
T i g r e " S " 
Mus)cox " S " 
D e l f i n 
HD 1982 (wheat) 
R u s s i a n Rye 
^tean 
3.9 50 
3.500 
2 .9 50 
3.050 
/ . 7 5 0 
11.950 
3.008 
4 .4 37 
4.800 
3.850 
5.7 50 
3.3 50 
2.750 
4.156 
4. 37 5 
5. 560 
4. 360 
6.900 
3.9 50 
3.200 
4 .556 
4.100 
3. 500 
2.9 50 
3.0 60 
2.900 
2. 160 
3.108 
4.250 
5.700 
3.643 
5.900 
3. 560 
2.900 
4. 324 
4.250 
4.400 
4.150 
6 .850 
5. 300 
3.500 
4.742 
4.250 
3.800 
3.414 
3. 350 
3.060 
2.600 
3 .411 
4 .4 37 
4.100 
3.800 
4.550 
3.660 
2.600 
3.856 
4. 390 
5.000 
4.347 
4.100 
4.250 
3.756 
4.307 
4 .271 
4 .43 3 
3.718 
4.722 
3.633 
2.812 
C D . a t 5X I Trea tment 0 .287 
h . S. N o n - s l g n i f i c a n t 
V a r i e t y 0 . 2 3 5 Trea tmen t x V a r i e t y 0 .7 40 
N. B. A uniform b a s a l dose of 30 kg K/tia was a p p l i e d a t t h e t ime of sowing 
I t50 t 
stage. The interaction N25QP40 x Deifin proved optimum at milky 
grain stage. On the other hand, lowest leaf-K content at 
tillering stage was shown by N^^QPgQ x TL 419, but the value was 
at par with those given by nine other interactions^ including 
^150%0 ^ ^ ®* ^ ^^^® ^ ^ milky grain stage, the least value was 
given by N ^ ^ Q ^ O ^ ^^^» which was statistically equal to that 
for N| 50^40 * ^ ^®* ^^ tillering stage, ^ 00^40 ^ ^^^^^^ 9®'*'® 
13,5p^  and 63.4% more leaf-K content than N2,oo^40 ^ wheat and 
N20QP40 ^ 3rye respectively? whereas, at milky grain stage, 
^ 0 ^ 4 0 ^ ^^^^"^ 9ave 29.:^ and 95.7% more leaf-K content than 
^50^40 ^ wheat and ^ 250^40 ^ ^ ® xespectively, 
4.4,4 Leaf>»nitrate reductase activity (NRA) 
NBA was assayed in the second leaf of randomly 
selected plants at tillering stage, while at heading stage, NRA 
was estimated in unexpanded and expanded flag leaf besides the 
second leaf. At milky grain stage, NRA was determined in 
expanded flag leaf as in second leaf. Effect of different 
fertiliser treatments, varietal response and their interaction 
on leaf-NRA was found significant at all the stages. The data 
are briefly described below (Tables 64-.66). 
4,4,4.1 NRA in the second leaf at tillering stage 
The maximum value for NRA at tillering stage was 
exhibited by NgggP^Qi but it was at par with those given by 
t 151 t 
^200^30 ^'^ ^ 50^40- ^150^30 ^ ^^^ ^ *»^ ®^ * ^ ^^"^ ^ ^^^^ ''^ ^ 
critically different from those recorded for other treatniients. 
NRA, recorded for ^ 200^40 ^^® 83.696 more than that for N^soPao* 
Among the varieties, TL 419 showed maximum NRA, but 
the value was at par with those recorded for Delfln and Tlgre "S", 
As against this, MUskox "S", equalled by wheat, gave the lowest 
value, iihe value registered for TL 419 was 26,9p6 and 9,\% more 
than that given by wheat and rye respectively. 
Regarding the interaction (treatment x variety), 
^200^30 ^  ^^9^® "^^ 9®v® maximum value, which was at par with 
those for eighteen other interactions, including ^200^30 ^ Delfin, 
N200P40 * Oelfin and N20o^30 ^ ^®' ^" *^® other hand, N^5^P3o x 
wheat, equalled by N^gQ^SO * ^ "s^®* "^"1 ^150^40 ^ **^ skox "S" and 
'"^ 150^ 50 ^  **"8^ ox "S", gave the lowest value, N2QQP3Q x Tigre "S" 
and ^200^30 ^ wheat excelled ^200^30 * ^ ®^* ^Y 31,^ and 26,4% 
respectively (Table 64), 
4,4,4,2 hRA in unexpanded flag leaf, expanded flag leaf and 
second leaf at heading stage 
Maximum value for NRA was observed in N2QQP4Q in 
unexpanded as well as expanded flag leaf. In contrast, least 
value for NRA was recorded in NI^QPJQ in both types of flag 
leaf. In case of second leaf also, the maximum value was given 
^Y ^200^40* ^^^ ^^ ^®® ®^ P^^ **^^ ^^^^ ^ ° ^ ^200^30* ^^^ lowest 
T a b l e 54i E f f e c t of b a s a l n i t r o g e n and phospt iorus c o m b i n a t i o n s orj n i t r a t e r e d u c t a s e 
a c t i v i t y (u rnol NO"/g/h) i n t he second l e a f of: t r i t l c a l e , wheat and rye 
v a r i e t i e s a t t h r e e growtn s t a g e s 
T r e a t m e n t s (kg /ha) 
V a r i e t i e s Mean 
^^150^30 ^200^30 ^250^30 " I ' O ^ O ^ O ^ ^ O " 2 K ) ^ 0 " l IXl^O ^200^50 ^ 2 ^ ) ^ % 
T i l l e r i n g s t a g e 
TL 419 0 .279 0 .287 0 .286 0 .279 0 .368 0 . 3 6 3 0 . 3 1 6 | 0 . 3 7 3 0 .372 0 . 3 2 5 
T i g r e " S " 0 .214 0 .398 0 .358 0 . 2 6 3 0 .384 0 .370 0 .272 0 . 3 6 8 0 .280 0 . 3 2 3 
Muskox " S " 0 . 1 7 5 0 .264 0 . 2 7 3 0 .148 0 .380 0 . 3 1 3 0 . 1 2 8 0 .306 0 .319 0 .256 
D e l f l n 0 .180 0 . 3 8 3 0 .287 0 .229 0-. 3 53 0 , 3 3 1 0 . 1 8 5 0 .372 0 .379 0 .300 
HD 1982 (wheat) 0 .107 0 .303 0 .367 0 .248 0 , 3 1 5 0 . 3 2 1 0 .202 0 .202 0 .248 0 ,257 
R u s s i a n Rye 0.217 0 . 3 6 3 0 .327 0 .210 0 . 3 4 4 0 .287 0 . 2 8 8 0 .307 0 .340 0 .298 
Mean 0 . 1 9 5 0 . 3 3 3 0 .316 0 .230 0 . 3 5 8 0 . 3 3 1 0 .232 0 . 3 2 1 0 . 3 2 3 
C D . a t 5% t T rea tmen t 0 .033 V a r i e t y 0 . 0 2 5 Trea t r r en t x V a r i e t y 0 . 0 7 5 
Heading s t a g e 
TL 419 0 .142 0 .264 0 .297 0 , 1 1 5 0 ,232 0 .250 0 . 2 3 5 0 ,212 0 ,274 0 ,229 
T i g r e "S" 0 .206 0 .280 0 . 3 1 3 0 . 2 8 3 0 . 3 6 1 0 .318 0 .292 0 .310 0 . 2 2 3 0 .287 
Muskox "S" 0.107 0 . 3 1 1 0.267 0 .170 0 .312 0 . 2 0 3 0 ,189 0 . 2 1 5 0 .170 0 .216 
D e l f i n 0 .169 0 . 3 0 8 0 .200 0 .211 0 .372 0 .204 0 , 2 0 1 0 . 2 5 8 0 .300 3.247 
HD 1982 (whea t ) 0.107 0 . 2 9 3 0 .221 0 .248 0 .268 0 .232 0 .232 0 .200 0 .202 0 . 2 2 3 
R u s s i a n Rye 0.217 0.227 D. 244 0 .210 0 .340 0,307 0 ,287 0 , 2 8 8 0 ,240 0 .262 
.'•lean 0 .158 0 .281 0 .257 0 . 2 1 3 0 .314 0 .252 0 .239 0 .247 0 . 2 3 5 
C D . a t 5% 1 Trea tment 0 .043 V a r i e t y 0 .030 Trea tmen t x V a r i e t y 0 . 0 9 0 
Milky g r a i n s t a g e 
TL 419 0 .106 0 .111 0 . 1 1 3 0 .089 0 . 1 6 5 0 . 0 9 5 0 . 0 5 8 0 .139 0 ,110 0 ,110 
T i g r e " S " 0 ,130 0 .170 0 ,156 0 .129 0 . 2 1 3 0 .202 0 ,204 0 .179 0 .152 0 . 1 7 1 
Muskox "S" 0 .128 0 .241 0 .260 0 . 1 5 5 0 .250 0 .150 0 .197 0 .270 0 .162 0 . 2 0 1 
D e l f l n 0 .214 0 .260 0 .214 0 ,166 0 ,319 0 .254 0 .200 0 .249 0 .219 0 , 2 3 3 
HD 1982 (wheat) 0 . 0 4 3 0 . 0 5 5 0 ,070 0 .052 0 .062 0 .052 0 .056 0 .072 0 .047 0 .057 
R u s s i a n Rye 0 .122 0 . 1 5 5 0 .174 0 . 1 7 3 0 . 1 8 3 0 , 1 5 3 0 . 1 7 1 0 . 1 8 1 0 .166 0 .160 
. ^ - . . — . 1 1 I 1 I I I M I I 1 I I . • J l — l l l l ) . i l l , I .1 11 •• • I • ! I M ^ 1 — • . . I I . — I . . 1 , — . • , , . , - , . - . , . 1 ^ 1 . ^ • • — . „ - I I .1 • I I I . , . ^ - I I — I ^ . . . l , » . . . I ^ . — . . II . -
Mean i o . l 2 4 0 .159 0 .164 0 .127 0 .179 0 . 1 5 1 0 ,148 0 . 1 8 2 0 . 1 4 3 
C D , a t 5X » Trea tment 0 ,016 V a r i e t y 0 . 0 1 3 Trea tmen t x V a r i e t y 0 .0 39 
N. B. A un i form b a s a l dose of 30 kg K/ha wss a p p l i e d a t t h e t ime of sowing 
t 152 J 
value was recorded for N^5oP3o» "^^^ value noted for N2QQP4Q was 
48,5^, 81.^ and 98.7?^  more than that given by ^^50^30 ^ 0^ 
unexpanded flag leaf, expanded flag leaf and second leaf 
respectively. 
With regard to the varieties, rye showed maximum NRA 
in unexpanded flag leaf, but the value was at par with that 
given by Delfin, While in expanded flag leaf, Delfin gave 
significantly highest value. Regarding second leaf, Tigre "S^ * 
showed maximum value, v/hich was statistically equal to that 
noted for rye# Delfin was next in value. On the contrary, 
wheat gave significantly lowest value for NRA in unexpanded as 
well as expanded flag leafj but in case of second leaf, lowest 
value for NRA was given by Muskox "S", which was at par with 
those given by wheat and TL 419, In case of expanded flag leaf, 
the value recorded for Delfin was 74.0^ and 6,1% more than that 
shown by wheat and rye respectively. Significant increase in 
the value noted for NRA in unexpanded flag leaf of Delfin over 
that of wheat was 62.2%. Tigre "S" gave 28^7% more NRA than 
wheat in the second leaf. 
Regarding the effect of interaction (treatment x 
variety) on NRA of unexpanded flag leaf, NgQQp^Q x rye gave the 
maximum value, which was at par with those given by ^ 200^40 ^ 
Delfin and N25QP40 x Delfin, Similarly, in case ©f NRA 
estimated in expanded flag leaf, N200^40 ^  ^ ^^ ^ ®^® highest 
value, which was at par with seven other interactions, including 
t 153 t 
^200^40 ^ D®l^i"» Moreover, in second leaf, ^200^40 ^ Delfin, 
equalled by fifteen other interactions,gave highest value, 
including N200P40 ^ ^^ 9^ ® '* "^ ®"*^  ^00^40 ^ ^®* "^ ^ contrast, 
^150^30 ^ wheat showed ndniraura value for NRA of unexpanded as 
well as expanded flag X a^f* This interaction was optimum for 
unexpanded flag leaf, but had parity with three other 
interactions for expanded flag leaf. Moreover, N^^QP^Q X wheat 
gave lowest value for second leaf-NRA, but i t was at par with 
seven other interactions. The value given by N2QQP40 x Delfin 
was 69.2J6, 56,2% and 38,8% more than that given by N^ gQPgQ x 
wheat for NRA of unexpanded flag leaf, expanded flag leaf and 
second leaf respectively (Tables 64-66), 
4,4,4,3 NRA in flag leaf and second leaf at milky grain stage 
At milky grain stage, ^200^40 P^ **^ ®*^  optimum for NRA 
in flag leaf as well as second leaf, N^5oP3o 9ave minimum 
value for NRA in both types of leaf, but the value was 
s t a t i s t i ca l ly equal to those recorded for N |^QP^ and N^SQPJV) 
in flag leaf and to that noted in N^50^40 ^^ second leaf. The 
increase recorded for N2QQP4Q was 4 5 , ^ and 60,5^ over that for 
'^ l 50^30 ^^ ^^ ®® ®^  ^^^^ leaf-NRA and second leaf-NRA respectively. 
With regard to the performance of var ie t ies , Tigre "S" 
gave maximum NRA in flag leaf, which was equal to that given by 
Delfin. Moreover, Delfin exhibited highest NRA in second leaf. 
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T a b l e 661 E f f e c t of b ^ s a l n i t r o g e n and pliospliorus c o m b i n a t i o n s on n i t r a t e r e d u c t a s e 
a c t i v i t y (/I 11X31 NO"/g/li) in the f u J i y expanded t l a y i'-'cit ol t r i t i c a l e , 
wheat and rye v a r i e t i e s a t head ing and milky g r a i n s t a g e s 
T r e a t m e n t s (kg /ha) 
V a r i e t i e s ' Mean 
^15o' '30 '^20o''30 "250^30 "iM^-tO ^200^40 ^250^40 " I M ^ ' B O ^200^50 ^250^50 
Heading s t a g e 
TL 419 0 .140 0 .257 0 .20 5 0 .216 0 .300 0 .237 0 . 1 0 1 0 .260 0 .288 0 .222 
T i o r e "S» 0.227 0 .316 0 .300 0 .254 0 .362 0 . 2 5 1 0 .246 0 .309 0 .342 0 .290 
Muskox "S" 0.127 0 . 1 2 3 0 . 2 0 1 0.129 0 .298 0 .304 0 .237 0 .220 0 . 2 6 3 0 .222 
D e l f i n 0 ,221 0 .316 0 .360 0.316 0 ,362 0 .300 0 ,296 0 .350 0 .310 0 . 3 1 5 
HD 1982 Iwheat) 0 .099 0 .176 0.149 0 .174 0 .231 0 . 1 8 3 0 . 1 4 8 0 .249 0 . 2 2 1 0 . 1 8 1 
Russ i an Rye 0.2S0 0 .362 0 .239 0 .276 0 .371 0 .302 0 . 2 1 5 0 .350 0 . 3 1 1 0 .297 
Mean 0.177 0 .278 0 .242 0 .228 0 . 3 2 1 0 .262 0 .207 0 . 2 8 5 0 .289 
C D . a t 5% I T rea tmen t 0 . 0 1 3 V a r i e t y 0 . 0 1 1 Trea tment x V a r i e t y 0 .032 
Milky gr^iin s t a g e 
TL 419 0.187 0.237 0 .234 0 .142 0 .252 0 .262 0 . 1 4 3 0 .286 0 . 1 9 5 0 . 2 1 5 
T i g f e " 3 " 0 .261 0 . 2 7 3 0 .321 0 .274 0 .372 0 .309 0 .270 0 .252 0 .310 0 . 2 9 3 
Muskox " 5 " 0 ,200 0 .316 0 .271 0 .180 0 .316 0 . 2 3 1 0 .240 0 .267 0 . 3 1 5 0 .260 
D e l f l n 0 . 2 4 3 0 .261 0 .300 0 .258 0 .317 0 .299 0 .250 0 .306 0 .314 0 . 2 6 3 
HD 1982 (wheat) 0 .080 0 .126 0 .164 0.137 0 . 1 8 5 0 . 1 2 1 0 .090 0 .200 0 . 1 7 3 0 .142 
R u s s i a n Rye 0 .241 0 .257 0 .260 0 .219 0 .319 0 .294 0 .256 0 .300 0 .260 0 .267 
Mean 0 .202 0 . 2 4 5 0 .258 0 .202 0 .294 0 . 2 5 3 . 0 . 2 0 8 0 . 2 6 8 0 . 2 6 1 
C D , a t 5% I Trea tment 0 . 0 1 3 V a r i e t y 0 .011 Trea tment x V a r i e t y 0 . 0 3 3 
M.S. A uni form b a s a l dose of 30 kg K/ha was a p p l i e d a t the t ime of sowing 
: 154 t 
Delfin was 99,3% and 308,8% superior to wheat and 6«C1^  and 45.6% 
to rye with regard to NRA recorded in flag and second leaf 
respectively. Whereas, the value recorded for flag leaf-NRA of 
Tigre "S", was 10.63% and 9,7% more than those for wheat and rye 
respectively. 
Regarding the interaction effect, highest value for 
flag leaf-NRA was given by 1^00^40 ^ ^ ^ 9 ^ "^"1 while highest 
value in case of second leaf-NRA was shown by ^^00^40 ^  Delfin, 
The least value for NRA in both the types of leaf was given by 
N.^QP^Q X wheat. The value given by this interaction was at par 
with that given by N|50^50 ^ wheat for flag leaf-NRAand with 
those given by all other interactions involving wheat for second 
leaf-NRA, The value exhibited by ^^ 200^ 40 ^ Tigre "S" and 
^200^40 ^ Delfin was 101,1% and 414,^ more than that given by 
N200P40 ^ wheat, and 16,6^ and 74,3% more than that noted for 
^00^40 ^ ^ ® ^^ ^^ ®® ®^ ^ ^^^ ^^'^ second leaf respectively 
(Tables 64 and 66), 
4,4,5 Yield characteristics 
Yield attributes, namely, ear number, ear weight, ear 
length, spikelet number, grain number, 1,000 grain weight, grain 
yield, straw yield and harvest index, were recorded at harvest. 
Effect of fertiliser treatment and response of varieties were 
significant with regard to all the yield attributes. Interaction 
between treatment and variety was also sigaificant for all 
t 155 t 
parameters, except ear number and harvest Index. Results are 
described below (Table 67-75), 
4«4.5,1 Ear number 
Treatment NgQ^P^Q proved optimum for ear number, while 
^150^30» ®«?"3ii®<* ^ y ^t50^40» ^®^® lowest value. N2QQP4Q 
excelled N^ 50^30 ^^ 45,396. 
Regarding varieties, maximum value for number of ears 
was given by Delfin, The lowest number of ears was noted in 
rye, which was at par with Mugkox "S" and TL 419. Delfin proved 
15,1% and 20.9^ 6 superior to wheat and rye respectively in this 
regard (Table 67). 
4,4.5.2 Ear weight 
Maximum weight of the ear was given by NgQQP^Q, On the 
other hand, the lowest ear weight was given by M^^Q^SO* ^"* ^^^ 
value was at par with those for N^5OP4Q and N^50^50* An increase 
of 38.Spi was recorded in the value recorded for ^QQP^Q over 
that for N,50^30* 
With regard to the response of varieties, Delfin gave 
highest value for ear weight. Lowest value was given by rye. 
Delfin showed its superiority over wheat and rye by giving 20.SPi 
and 174,0% more weight of the ear than wheat and rye respectively. 
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Regarding the effect of Interaction (treatment x 
variety), N2QQP4Q x Delfln gave maximum value, but It was equal 
to those given by three other Interactions (^200^40 ^ Tlgre "S", 
NgQQPgQ X Delfln and N25OP40 x Tlgre "S"). On the other handj^  
lowest weight of the ear was shown by NggQPgQ x ryej but the 
value was equal to those given by six other Interactions of 
treatments with rye. Including N^SQPSQ X rye. Increase due to 
N200P40 ^ Del^in ov®^ ^^200^40 * wheat and N200P40 x rye was 
13.0% and 148*3% respectively (Table 68). 
4.4,5.3 Hear length 
Treatment N2QQP4Q gave highest value for length of the 
ear, which was critically different from those recorded for 
other treatments. In contrast, least value was given by N^goPao* 
which was surpassed by 1^00^40 ^^^ 34.^, 
Among varieties, Delfln gave significantly highest 
value and was critically different fr<Mn all other varieties. As 
against It, significantly minimum length of the ear was shown by 
rye. Delfln excelled wheat and rye by ^^»% and 34.0% 
respectively. 
Regarding Interaction between treatment and variety, 
^200^40 ^ ^^^^^ (equalled by N2QQP50 x Delfln and N25QP3Q x 
Delfln) exhibited the maximum value for ear length. However, 
lowest length of the ear was given by Nig^PgQ x ryej but the 
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value was a t par with those given by N^50^30 * ^ ^^^ ^^^ 
^150^40 ^ ^ ® ' ^^^ increase due N2oo^40 * ^ i ^ ^ " over ^200^40 ^ 
wheat and 1^00^40 * ^® ®^® 13,3% and 45*3% respect ively 
(Table 69) . 
4.4.5.4 Spikelet number 
The maximum number of spikelets was given by H200^40' 
but the value was statistically equal to that for NgoQpso* C»n 
the other hand, ^ i50^30 9^^® *^® least number of spikelets, 
^200^40 excelled H^^QP^Q ^Y 15.1^. 
All the values due to varietal response were 
critically different from each other. Rye,followed by Delfin, 
produced highest number of spikelets. Minimum spikelets weare 
produced by wheat, which was surpassed by Delfin by 65.Spii. 
With respect to the interaction (treatment x variety), 
highest number of spikelets was registered for ^ 200^30 ^ ^ *** 
As against it, N^^QpgQ x wheat showed poorest value, which was 
critically different from those for all other interactions 
(Table 70). 
4.4.5.5 Grain number 
The highest number of grains was exhibited by ^QQP^Q* 
In contrast, significantly lowest number of grains was given by 
^150^30' ^200^40 <^ xc«iie«l ^150^30 ^^ 23.7%. 
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As regards the performance of varieties, tigre "S" 
proved optimum for grain number. However, next to it was Delfin 
and, thus, excelled the rest of the cultivars. The least value 
for grain number was given by rye which was, however, at par 
with wheat, Tigre "S" and Delfin produced 23*^ and 20,6% more 
grain than wheat, and 24.1!^  and 21.^ more than rye respectively. 
Regarding interaction (treatment % variety), ^200^40 ^ 
Tigre "S" (equalled by N2oo^50 ^ Tigre "S") produced the maximum 
number of the grains. On the otter hand, lowest value was given 
by N|5QP3Q X TL 419, Moreover, ^200^40 * Tigre "S" surpassed 
^200^40 ^ wheat and N2QQP4Q x rye by 33,9?^  and 27,99^  respectively 
(Table 71). 
4,4,5.6 1,000 grain weight 
The maximum weight of 1,000 grains was given by 
^200^40' '^ ISO^ SO* <^?"^ 1^®** '^y ^ 150^40» ^^^® *^ ® minimum value. 
The difference between the values, recorded for ^QQP^^Q and 
^150^30' ^ ^^ ^ •'^' 
With regard to cultivars, the values obtained for 
various varieties, were critically different from each other. 
Delfin gave the maximum value. On the contrary, response of 
rye was poorest. The value registered for Delfin was 8,7% and 
113,5% more in comparison with that for wheat and rye 
respectively. 
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With respect to interaction, ^200^40 ^ ^^^^^^ resulted 
in the maximum value, but i t was at par with those for four 
other interactions, occurring among different treatments and 
Deifin, Whereas, N^  50^30 * ^® ^^ ^® lowest value for 1,000 grain 
weight, i t was s t a t i s t i ca l ly equal to those of four other 
interactions, occurring among different treatments and rye, 
NgQjjP^ Q X Deifin was 6 . ^ and 106,9?i superior to ^200^40 ^ w'*®^ ^ 
and N200P40 ^ ^® respectively (Table 72). 
4,4,5.7 Grain yield 
Treatment N2ob^4o P^®^®^ optimum for grain yield. In 
contrast, N^50^30 ^*^® ^^^ minimum value. Grain yield noted for 
^200^40 ^ ®® 20,3^ more than that registered for N^SQPSO^ 
As regards the performance of varieties, Deifin 
produced the maximum grain. The yield of wheat was next to that 
of Deifin, but was at par with that of Tigre "S", On the other 
hand, rye gave the lowest value for grain yield which differed 
critically from those noted for other cultivars. The increase 
in the yield of Deifin over those of wheat and rye was 10.Cfi6 and 
114,25^ respectively. 
Regarding the effect of interaction (treatment x 
variety) N2QQP4Q x Deifin (equalled by Ngoo^so ^ Deifin) produced 
maximum grain. In contrast, N^5QP3Q X rye gave the lowest value, 
which was at par with that for N2QQP3Q x rye. The increase in 
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grain yield due to ^ 200^40 * Delfin over those due to 1^00^40 ^ 
wheat and N2oo^40 ^ ^^^ ^^® ^'^ ®"** 111.3% respectively 
(Table 73). 
4,4,5.8 Straw yield 
Treatment N2oo^40 P^^^^^ optimum for straw yield| but 
the value was at par with that recorded for i^QQ^so* ^t50%C) 
resulted in the minimum yield of straw, which was tqual to that 
noted for N^50^40. The increase in straw yield noted for 
Varieties were critically different frcam each other in 
their response. TL 419 produced maximum straw. It was followed 
by Muskox "S", Delfin and Tigre "S" respectively. The least 
value was given by rye. The value for TL 419 was 7,5% and 49.4% 
higher than those for wheat and rye respectively. 
Regarding interaction (treatment x variety), ^250^^50 ^ 
TL 419 gave maximum straw. However, the value was at par with 
those given by three other interactions occurring among different 
treatments(N25oP3o» ^50^40 ^"^ %00^50^ ®"*^  ^  ^^^' °" *^® 
contrary, the minimum straw was given by N200P3Q x rye; but the 
value was at par with those given by three other interactions 
occurring among different treatments (^200^40* ^200^50 ^"^ 
^250^50^ and rye, H^gAPgA x TL 419 surpassed H^SO^O ^ wheat and 
^250^50 ^ ^ ® '^^ 11.^ and 67,2% respectively (Table 74). 
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4.4,5,9 Harvest index 
Treatment N2QQP4Q gave maximum value for harvest index* 
but it was statisticaljly equal to those recorded for ^^QO^SO ^^^ 
^250^30* ^^® minimum value for harvest index was shown by 
^150^30^ but it was at par with that given by N^50^40* treatment 
N2QQP40 showed 9.3% increase in value over that for N^ 5(jp3o« 
Deifin gave the highest value. On the other hand, rye 
had the lowest harvest index and the value was critically 
different from those given by other cultivars. Deifin proved 
4.1% and 33,5% superior to wheat and rye respectively (Table 75). 
4,4.6 Quality characteristics 
Quality attributes, namely, protein content, protein 
yield, carbohydrate content and carbohydrate yield of grain were 
estimated at harvest. The effect of treatment on all the 
quality parameters was significant. Response of varieties was 
also significant for each parameter. Moreover, effect of 
interaction (treatment x variety) was significant for all the 
quality parameters, except grain carbohydrate content. Results 
are given below (Tables 76-79), 
4,4,6,1 Grain protein content 
The highest value for protein content of the grain was 
noted for ^200^40* ^ *^® other hand, N^SOPSQ Qsve the lowest 
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value, which was critically different from those recorded for 
other treatments. 1^00^40 '^^ c®^ !®*^  ^ 150^30 ^^^ 34.2%. 
Regarding the varietal performance, Delfin gave 
significantly highest value for protein content of the grain. In 
contrast, Muskox "S" gave minimum content of grain protein, and 
the value was statistically different from those noted for all 
other varieties. The increase in the value for Delfin over 
those for wheat and rye was 20.1% and 19.9% respectively. 
As regards the interaction between treatment and 
variety, ^200^40 ^ ^^^^i^^ proved optimum, but the value was at 
par with those given by three other interactions occurring among 
different treatments (^250^30' ^00^50 ^^ ^250^50^ ^ ^ Delfin. 
^150^30 * Wuskox "S»' (equalled by N150P40 x Muskox "S") gave 
minimum content for grain protein. ^200^40 * Delfin surpassed 
^00^40 ^ wheat and ^200^40 ^ ^ ® ^V 20,9% and 19.9% respectively 
(Table 76). 
4,4,6.2 Grain protein yield 
Like protein content, f^oo^40 ^ ®^® maximum grain 
protein yield/ha and the value was critically different from 
those recorded for all other treatments. As against it, N.^QPJQ 
produced the poorest grain protein/ha, ^200^40 s^^P^ssed 
^150^30 by 61.2%. 
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Among varieties, Delfin produced highest grain protein* 
On the other hand, the lowest value was given by rye, Delfin 
produced 31,95i6 and 151.:^ more grain protein/ha than wheat and 
rye respectively. 
With respect to the effect of interaction (treatment x 
variety), J^oo^40 ^ De^^^^ proved optimum for this parameter. 
The combination N^ 50^30 ^ ^ ® ^ave the lowest value. The 
increase in grain protein yield in N2QQp4g x Delfin over that in 
N200P40 ^ wheat and N2oo^40 ^ ^ ® ^^® 28.7% and 153,4?i 
respectively (Table 77), 
4,4,6,3 Grain carbohydrate content 
The maximum carbohydrate content of grain was given by 
^200^40' However, the value was at par with those given by 
^250^30» ^250^40 ^^ ^250^50* ^ *^® contraary, the least content 
of grain carbohydrate v/as given by N^5oP3o» which was at par with 
that given by N|50^40* ^^® increase in grain carbohydrate 
content due to ^QQ^^Q over that due to M^go^SO ^®® ^'^* 
Regarding varietal response, Delfin gave significantly 
optimum value for grain carbohydrate content. On the contrary, 
rye gave lowest value which was statistically different from 
those given by other cultivars, Delfin gave 13,:^ and 14.8% more 
content of grain carbohydrate in comparison with those given by 
wheat and rye respectively (Table 78), 
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4.4.6.4 Grain carbohydrate yield 
Treatment f^oo^40 ^ ^^^ *^^ maximum yield of grain 
carbohydrate/ha. As against it, N^50^30 *^*^ ® ^^® lowest value. 
^200^40 P^ o^ *^ ®^<^  25.69^  more grain carbohydrate than N^ 50^30* 
As regards the performance of varieties, Delfin gave 
the maximum ( and rye, the minimum) yield or grain carbohydrate. 
The value recorded for Delfin was 24.6^ and 142.9% more as 
compared with those given by wheat and rye respectively. 
With respect to the interaction (treatment x variety), 
^200^40 ^ D®i^^" showed maximum yield of grain carbohydrate. The 
lowest value for grain carbohydrate was given by N^50^30 ^ ^®» 
The increase in the value noted for ^200^40 * delfin over that 
for NgQQp^Q X wheat and N2QQP4Q x rye was 19,7% and 141,9% 
respectively (Table 79), 
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DISCUSSION 
The productivity of a crop Is generally believed to 
depend primarily upon its genetic potential. However, it is 
possible to regulate plant growth and yield to some extent by 
manipulating the environment. For successful coiranercial 
cultivation of a crop in a region, it is essential! (i) to screen 
the available genetic stock so as to pick out the varieties 
responding best to the particular agro-climate, (ii) to determine 
the most appropriate agricultural practices for the full 
realisation of the genetic potential of each cultivar and (iii) 
to standardise the quantity and frequency of application of 
various inputs. In short, according to Yoshida (I972)i "A high 
grain yield of any crop can be achieved only when proper 
combination of variety, environment and agronomic practices is 
obtained". 
Thus, after selecting the appropriate cultivar(s) for 
cultivation in a given region, it is highly desirable to 
determine the most suitable sowing date. This would depend to a 
large extent on the prevalent temperature, light intensity and 
soil moisture which are known to have a profound effect on the 
physiological activities during pre-emergence, post-emergence 
and subsequent vegetative and reproductive stages of growth and 
development (Friend, 1966), Moreover, whereas proper seeding 
rate Is necessary for minimum competition among plants 
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(Donald, 1963j Black, 1966), supply of adequate nutrients (and 
other inputs) is essential for the full realisation of the 
genetic potential of the crop (Bouma, 1983). 
It may be recalled that the present investigation was 
planned keeping in view the above information (p,4). The study 
comprised four field experiments conducted between 1982 and 1985 tc 
assess the performance of triticale in relation to wheat and rye 
with the following objectives: 
1. Selection of the best responding among eight triticales, 
2. Determination of appropriate sowing date and seeding rate 
for the selected triticales, and 
3. Determination of their optimum basal nitrogen and 
phosphorus requirements. 
The basis of selection was population count, growth character* 
Istics, leaf-NPK content and yield and quality characteristics, 
studied at different stages of crop development. In addition, 
leaf-nitrate reductase activity (NRA) was also estimated in 
Experiment 4 in plants receiving various combinations of 
nitrogen and phosphorus. The main highlights of the experimental 
results are briefly discussed below. 
Population count 
Seed germination is the resumption of active growth of 
the embryo that results in the rupture of the seed coat and the 
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emergence of the young plant. The major events occurring during 
seed germination are, imbibition of water, enzyme activation, 
initiation of embryo growth, rupture of the seed coat, emergence 
of the seedling andt finally, establishment of the young plant 
(Copeland, 1976). All these processes require a particular 
combination of light, temperature, water and nutrients for 
proceeding at optimum rates (Varner, 1965} Inam ^ gl., 1982b). 
Besides, triticale, being the outcome of an intergeneric cross, 
shows several physiological constraints, leading to poor embryo 
and endosperm development, that regulate the process of 
germination and consequent plant population (Zillinsky and 
Borlaug, 1971), Therefore, to achieve a proper density of crop 
plants for optimum yield, there is need to work out an ideal 
combination of genetic variability and various environmental 
factors. 
Among the four cultivars tested in Experiment 1 (as 
also in the remaining experiments), rye exhibited maximum seed 
germination, followed by wheat, Delfin and Tigre "S", in that 
order (Table 7 ) . Hov\«ver, other triticales showed poor 
germination and population count, with Bronco 90 and Badger 
Bh 118 giving the lowest count. As mentioned earlier (p.3), 
continuous efforts are being made to improve triticale through 
breeding programmes so as to match its germination percentage 
with that of its parents. Among the most likely reasons of poor 
germinability of triticale arei (1) frequent initiation of 
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germination of grain during maturation and (2) sub-normal 
development of embryo and endosperm which fails to sustain 
healthy germination (Zillinsky and Borlaug, 1971), Moreover, the 
observed difference in germinability of various tritlcale strains 
could possibly be attributed to the variability in the genetic 
make up of the cultivars tested (Abdalla £t ^,, 1986| Sandha, 
personal communication). 
In Experiment 2, 10 November sowing was noted to 
produce the highest number of plants (Table 11), It is agreed 
that seed germination and seedling growth depend largely upon 
temperature and light intensity (Copeland, 1976| Wellington, 
1966). The optimum sowing date (10 November) seems to meet these 
requirements fully. The deleterious effect of 10 December sowing 
on plant population might be due to the prevalent winter 
temperature (Fig, 1) v*ich is known to decrease mobility of water 
due to increase in its viscosity (Sutcliffe, 1962), Moreover, 
low temperature impairs the metabolic activities of the seed 
which could ultimately result in poor germination and seedling 
emergence (Copeland, 1976), However, the results of no such 
study on triticale have yet been published. 
In Experiment 3, a continuous improvement in plant 
population with increase in seeding rate was noted (Table 33), 
Like other experiments, rye proved the best cultivar in this 
regard. The lowest plant density was noted in TL 419. It is, 
therefore, not surprising that the interaction 150 kg seed/ha x 
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zye proved best, vi/herea«, 50 kg seed/ha x TL 419 elicited the 
lowest population count. It seems that, at the time of gemination 
and seedling emergence, there was a non-competitive, conducive 
soil environment that provided ample moisture and other accessory 
factors for better germination and seedling emergence, even at a 
seed rate as high as 150 kg seec^ha^ However, as the seedlings 
developed and their vegetative growth continued, competition 
within, as well as among them,became operational and later 
manifested its ill effect on their growth and development. This 
information conforms to the definition of con^etition among plants 
coined by Clements et §X.* (1929) who explains that competition 
begins when the irranediate supply of a single necessary factor fallf 
below the combined demands of the plants. Like sowing dates, 
literature concerning the effect of seeding rate on population 
density is almost non-existent in the case of triticale. The only 
published report is that from the author's laboratory (Abbas et al. 
1983b), However, information regarding other cereals, including 
wheat, is available (Harper and Gajic, 1951; Giiitard £ | jii,, 1961 j 
Anonymous, 1964j Clamot, 1967| Kiyak and Kogut, 1970). 
In Experiment 4, various doses of combined nitrogen and 
phosphorus significantly influenced plant population, ^200^40 
proving optimum. On the other hand N25QP3Q, Ng^^P^ and N25QP50 
produced lowest population (Table 55) possibly through adverse 
osmotic effect on seed germination as credited to Chapin and 
Smith by Wellington (1966) and noted in the author's laboratory 
by Inam £t ^ , (1982b). 
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Growth characteristics 
It has long been realised that growth characteristics 
reflect one or the other fundamental plant physiological process. 
For example, fresh and dry weight indicate total productivity 
expressed as the rate of increase in weight, volume and dry 
matter accumulation? shoot length and tiller number are pointers 
of meristematic activity and the increase in the number of leaves 
at different stages indicates differentiation and photosynthetic 
rate (Gregory, 1937), Therefore, the yield of a cereal crop 
depends, to a large extent, on length of shoot as well as on 
number of tillers and leaves in which photosynthesis occurs and 
from which the assimilates, thus formed, get translocated to the 
sink, i,e, grain (Watson, 1952), 
In Experiment 1 (and also in Experiments 2^A), Delfin 
gave optimum values for all growth parameters at each stage 
(except shoot length for which rye excelled it)? while Tigre "S" 
followed it Closely for most of the characteristics. However, 
the picture was not so clear-cut with regard to the lowest values 
for each parameter which were given by different cultivars, 
including wheat and rye (Tables 7; 12-16; 34-38; 50-60), It is 
evident that the cultivars responded according to their genetic 
constitution. For example, Abdalla et ^, (1986) have 
highlighted the differences in the genetic make up of various 
triticales which could account for the disparities in their 
growth patterns noted in Experiment 1-4, These observations are 
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also in agreement with the differential growth responses of 
various triticales and/or their parents reported earlier from 
the author's laboratory (inam, 1978ji Abbas, 1980j Abbas et al.. 
1983a), 
In Experiment 2, among the four sowing dates,, 
10 November proved optimum for all growth parameters, while 
10 December proved the most unfavourable (Tables 12-16), It may 
be recalled that the population of various triticales showed 
significant differences, possibly due to the prevalent 
temperature and intensity as well as duration of light (p,l67). 
It may, therefore, be argued that, if a short span of one month 
(p,65) could elicit such pronounced varietal differences, there 
is reason to believe that the cultivars could continue responding 
differently to the prevailing conditions with regard to their 
vegetative growth pattern also till the milky grain stage. In 
this regard, the observations of Friend (1966) are relevant 
wherein he noted that seedlings of various cultivars of wheat 
and oats prefer different temperatures for optimal performance. 
For example, Marquis wheat grew well at 33,5°C, but raising the 
temperature by only 0.5°C inhibited the chlorophyll accumulation 
to such an extent that the plants died after the second leaf had 
begun to emerge. 
The findings of Experiment 3 reveal that 50 kg seed/ha 
and Delfin proved best for vegetative growth at each of the three 
stages of sampling, the former because of less competition 
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between plants due to lovsrest plant density and the latter due to 
its distinct genetic stock as discussed earlier (p.168)-
4 
Admittedly, however, the effect of seeding rate on the growth 
performance of triticale is meagre (^bas, 1980), None-the-less, 
the present findings (Tables 34-38) are comparable with the 
results of Investigations carried out on wheat and other cereals 
by several workers (Kamel, 1958, 1959| Dezsi, 1960| Kinra et ,aj,.. 
1963| Aufhammer et ^ ,, 1965; Chowdhury and Bains, 1967; 
Hodanova, 1967; Al-Mohammed, 1968; Kirby, 1969; Lovett and Kirby, 
1971; Leaky, 1971). 
In Experiment 4, out of the nine combinations of 
nitrogen and phosphorus tested, N2QQP4Q invariably proved optimum 
for all growth parameters at each stage (Tables ^-60). Thus, it 
established itself to be distinctly superior not only to the 
lower doses, including N^50^30* which has been used for 
comparison of the detailed results (pp.138-145) but also over the 
higher doses of ^ J250'^ 50* ^^ fact, balanced nutrition plays an 
indispensable role in bringing about the full realisation of 
genetic potential regarding growth and development of a crop 
(Milthorpe and Moorby, 1979). In the present study, therefore, 
N2QQP4Q may be considered to be the most balanced fertiliser dose 
for the growth of triticales under local conditions. It may be 
reiterated here that,like the effect of sowing date and seeding 
rate, information on the growth response of triticale to 
fertiliser application, is meagre (Inam, 1978). However, Bishnoi 
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and Mugwira (1980) noted a significant linear increase in 
vertical growth of two triticales as the dose of applied nitrogen 
(alone) was increased from 50 to 200 kg N/ha, Similarly, Pancholi 
and Bishnoi (1980) reported that increasing the nitrogen dose 
from 40 to 100 kg/ha resulted in increased height of tv/o triticale 
cultivars as well as of wheat and rye. However, other growth 
parameters were not studied in these investigations* More recently, 
Inam et ^ ,( 1982a), working in the author's laboratory, claimed 
that N^20^60 ^^^^^ ^ 0 ^ proved optimum for tillet number, leaf 
number, fresh weight and dry weight of three triticales. However, 
it may be pointed out that this was the highest dose of fertiliser 
taken. In fact, this encouraged the present author to repeat the 
ejqjeriment with higher doses of nitrogen and phosphorus up to 
^250^50 ^^^^"5 ^^^ cultivars; and it is satisfying to report that 
the effort resulted in establishing N2QQP40 as the optimum dose. 
Leaf^NPK content 
Leaf analysis is considered as an index of the mineral 
status of the soil as well as an indication of the mineral 
requirement of the plant (Lundegardh, 1943, 1947, 1951), Leaf-
nutrient status has been claimed to be correlated with vegetative 
(as well as reproductive) growth of crop plants (Lundegardh, 
1951J Inam et jai..,19g2c; Akhtar, 1985; Samiuliah gt ^ i., 1985). 
Therefore, leaf-NPK estimation was carried out in the present 
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investigation to study the effect of sowing date, seeding rate 
and basally applied nitrogen and phosphorus on leaf-NPK content 
at three growth stages. 
Considering varietal differences first, Delfin 
exhibited highest leaf-NHC content at various stages; although 
in some cases it was at par with or closely followed by other 
varieties, including w*ieat and Tigre "S" in Experiments 1-4. Rye 
mostly gave poorest value for these nutrients but was at par 
with other varieties of triticale like Bronco 90, Mula •'S" and 
Juppa "S" in Experiment 1 (Table 8), and Muskox "S" and TL 419 
in Experiments 2-4 (Tables 17-19; 39-41; 61-63). Such 
differential response of various cultivars in respect to leaf-NPK 
is expected as absorption and assimilation of nutrients depend on 
the genetic constitution of the crop; and these cultivars differ 
genetically from each other as discussed earlier (p.168). 
In the study on sowing dates (Experiment 2), 
10 November proved optimum for leaf-NPK content,whereas the 
plants raised by sowing on 10 December showed the lowest leaf-NPK 
content at all stages of sampling (Tables 17-19), 
In fact, nutrient uptake depends on several factors 
such as light, soil moisture, temperature etc. Of these, 
temperature alone directly plays a crucial role. It is generally 
believed, that the carrier enzymes, responsible for ion uptake, 
fail to operate normally at temperatures above ot below the 
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optimum (usually 30~35^C). Such unfavourable temperatures also 
cause changes in the configuration of the root cell membranes, 
thereby, disturbing normal nutrient uptake (Sutcliffe, 1962), In 
the present study, the prevalent temperature experienced by the 
plants around 25 October was probably too high and that around 
10 December, too low, for optimum uptake and subsequent 
accumulation of NPK (and other nutrients) from the soil. The 
results, thus, established 10 November as the optimum date. 
In Experiment 3, 50 kg seed/ha proved optimum for leaf-
NPK content at each stage. Moreover, increase in seeding rate 
resulted in decrease in the nutrient content progressively 
(Tables 39-41), suggesting direct involvement of competition 
among plants for limited nutrients as discussed on p.171, 
In Experiment 4, increasing doses of nitrogen at each 
level of phosphorus resulted in a linear increase in the leaf-
NPK content at each stage. However, various phosphorus levels 
at each nitrogen level, in general, and at highest nitrogen 
level in particular, proved almost equally effective for leaf-NPK 
content. Thus, N250P30 (equalled by N25QP40 and/or N250F50) 
exhibited highest value of leaf-NPK content almost at each stage. 
While N^50^30 (equalled by N^50P4Q and/or N^^QP^Q) gave lowest 
value in all the cases (Tables 61-63). The increased uptake of 
nitrogen on increasing nitrogen levels is not surprising and is 
well documented (Lundegardh, 1951), Moreover, nitrogen was noted 
to enhance the uptake of phosphorus. Grunes and Krantz (1958) 
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claimed that, within limits, nitrogen supply increases the 
proliferation of roots, whereas Grunes ^ ^ . (1958) attributed 
increased absorption to an effect of nitrogen on those 
physiological processes that control the absorption of phosphorus, 
The results of the present study suggest that morphological as 
well as physiological factors were involved (Grunes, 1959), 
Increase in leaf-K content was also noted in the present study 
as a result of nitrogen application. Similar observations have 
been made in other cereals, e,g, wheat (McCaller and Woodford, 
1938; Mehrotra and Lehri, 1967), corn (Krantz and Chandler, 1951j 
Puntamkar gt g^^ ,, 1965) and oats (Grunes and Krantz, 1958), 
However studies on leaf-NPK of triticale have not been conducted, 
except at Aligarh (Inara, 1978; Abbas, 1980) and their results 
more or less corroborate the findings of the present author. 
In all the experiments, leaf-NPK contents were maximum 
at tillering stage. In this connection, Gregory (1953) points 
out that, in a developing cereal plant, over 90^ of the total 
nitrogen and phosphorus is taken up at early growth stage. 
According to Bouma (1983) also,; annual crops accumulate nutrients 
at an early stage for subsequent utilisation in their growth and 
development. In the present study, the leaf-NPK content, in all 
experiments, declined as plants advanced in age. The situation 
arose partly due to an exponential increase in growth (weight and 
volume) of plants as a result of which even high quantities of 
nutrients seemed to be less when expressed on per unit basis, the 
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80 called "dilution with growth** effect (Moorby and Besford, 
1983J Anonymous, 1984), Besides, translocation of nutrients to 
sinks (grains) during emergence and subsc^quent development of 
ears could also deplete leaf nutrient content* Similar depletion 
in leaf-NPK content as the plants matured is well documented and 
has been reported in several crops from the author*s laboratory 
also (Safaya, 1970| Samiullah, 1971; Khalique, 1975; Naqvi, 1976; 
Abbas, 1980; Inara £i a;L»f!982c; Abbafs ,et ^ .,1983a; Samiullah 
SJk al.. 1984). 
Among the three nutrients (NPK) estimated in leaves, 
the concentration of potassium was the highest in all experiments 
(Tables 8, 19, 41 and 63) presumably because of the iC-rich soil 
(Table 1), It may be due to higher solubility, easy availability 
and greater permeability of potassium than nitrogen and 
phosphorus. It confirms the results of Widdowson e;t Ji. (1981) 
and Mengel and Kirkby (1982), who reported higher uptake of 
potassium than that of nitrogen or phosphorus in various crops. 
Moreover, Raheja (1956) also estimated the quantity of NPK 
removed by an acre of harvested crop and found higher values of 
potassium in comparison with the other two nutrients. 
Leaf nitrate reductase activity (NRA) 
There is considerable and well documented evidence that 
the top two leaves (flag and second leaf) of cereals contribute 
greatly to ear emergence and development as well as grain filling. 
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These leaves are believed to be uniquely placed to intercept 
maximum light for photosynthesis and to translocate the photo-
synthates to the developing grains most efficiently (Milthrope 
and Ivins, 1966; Yoshida, 1972). 
Plants absorb large quantities of inorganic nitrogen 
from the soil in the form of nitrate. Once inside the plant, this 
nitrate is reduced to airanonia before being incorporated, via amino 
acid formation, into the more complex organic molecules like 
proteins and nucleic adds. The first step in the sequence of these 
reactions is regulated by nitrate reductase (E.G. 1,6,6,1) which 
reduces nitrate to nitrite (Nicholas and Nason, 1954; Salisbury and 
Ross, 1986), Further, leaf-NRA has been claimed to show a reliable 
relationship with grain yield and quality in cereals and other 
crops (Croy and Hageman, 1970 — wheat; Deckard et j|X,, 1973 — 
maize; Eilrich and Hageman, 1973 —• wheat; Dalling and Loyn, 
1977 — wheat; Nair and Abrol, 1982 —- wheat; Akhtar et ^ , , 
1984a— lentil; Ansari £t j^,, 1985 -^ mungbean; Samiullah et ^ , 
1985b — mungbean). In the present study, therefore, NRA was 
estimated in the unexpanded/fully expanded flag leaf and/or second 
leaf to test this relationship for triticale (and its parents) at 
various growth stages. 
Among the various cultivars grown in Experiment 4, a 
clear-cut varietal difference, regarding NRA in different leaves, 
was observed, Delfin, Tigre "S" and rye exhibited highest NRA in 
one or the other top leaf at different stages, Howrever, wheat 
showed minimum activity of nitrate reductase in both types of 
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leaf at each stage (Tabies 64-66), Such varietal differences are 
not unexpected as discussed earlier (p,168). 
Regarding nutrient doses, N2Q0P40 invariably proved 
best for NRA. True that the form in which nitrogen was applied 
was urea and not nitratej but all nitrogenous fertilisers yield 
nitrate rapidly within a few days of their application to normal 
soils (pH^7) due to nitrification by micro-organisms (Bidwell, 
1979I Salisbury and Ross, 1986), The nitrate thus formed and 
absorbed induces as well as stabilises the nitrate reductase 
system in the plants which would be reflected in higher activity 
of the enzyme in the leaf (Afridi and Hewitt, 1962j Afridi and 
Hewitt, 1964). 
Yield characteristics 
Emergence of ears and filling of grains are the 
culmination of various integrated physiological responses of a 
crop to the prevailing environment which set the course of plant 
differentiation, growth and development (Yoshida, 1972), 
According to Thome (1966), vegetative growth before ear 
emergence has considerable (albeit indirect) influence on grain 
yield. This early growth not only affects the potepitial 
surfaces so that they are made available for photosynthetic 
activity after the emergence of ears but also influences the 
number and size of the photosynthesising sites. It is this 
source that provides the products to the sinks (grains), thereby 
highlighting the dependence of reproductive on vegetative growth. 
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In Experiment 1 (which was a simple varietal trial) 
as well as in Experiments 2-4, Delfin gave maximum value for all 
yield attributes (except spikelet number, grain number and straw 
yield which were highest in rye, Tigre "S" and TL 419 
respectively), Delfin, it may be recalled, generally proved 
best for grov/th characters, including leaf-NPK content and NRA 
(pp.170-179), The highest yield recorded in this cultivar, 
could, therefore, be expected as a cumulative result of its 
better vegetative growth, nutrient utilisation and yield 
attributes, Delfin was followed by Tigre "S" with respect to 
most of the growth (Tables 7; 12-16j 34-38; 50-60) as well as 
yield characteristics (Tables 9j 20-28| 68-75; 48-50), which 
enabled Tigre "S" to produce sufficient grain so as to reach 
parity with wheat and stand next to Delfin in all experiments 
(Tables 9, 26, 48 and 73), inspite of much higher population 
count of the wheat (Tables 7, 11, 33 and 35), The lowest grain 
yield given by rye in each experiment (Tables 9, 26, 48 and 73), 
despite its highest population, vertical growth and spikelet 
number; may similarly be explained on the basis of its poorest 
performance with regard to all other attributes as described in 
Experimental Results. 
The credit for this breakthrough in improving the 
yielding potential of triticales (particularly Delfin and 
Tigre ^S**) observed in the present study goes to the concerted 
efforts of triticale breeders and their associates. Several 
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other triticaie varieties have recently been noted to outyield 
popular wheat checks elsewhere (pp.18-19), 
As already mentioned, differences in yield of these 
cultivars may be traced primarily to the genetic variability 
(Abdalla et ^., 1986), However, the high yield of Delfin and 
Tigre "S" can more clearly be understood by the correlation 
studies undertaken with respect to the data of Experiment 4 
between the grain yield of individual cultivars and growth 
parameters, leaf-NHC content, yield attributes as well as NRA in 
different leaves exhibited by these cultivars^ For example, 
Table 80 clearly indicates that all growth attributes at each 
growth stage were strongly correlated with the grain yield of 
the cultivars tested (except rye). On the other hand, whereas 
leaf nitrogen and phosphorus showed similar correlations at 
heading and milky grain stages, potassium showed strong 
correlation with Delfin at tillering, wheat at heading and 
Tigre "S" at milky grain stage, with most other cultivars 
(except rye) showing slight association at tillering and milky 
grain stage. 
Let us now consider the correlation studies undertaken 
between leaf-NRA (in second leaf at all stages, in expanded flag 
leaf at heading and in both types of flag leaf at milky grain 
stage) and grain yield (Table 82), In a nut-shell, (i) NRA in 
second leaf at tillering stage showed consistent strongest 
correlation with grain yield of Tigre "S" and Muskox "S" and 
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relatively less strong corxelations with Delfin and wheat. It 
may, therefore, be taken as a criterion to predict at an early 
growth stage the productivity of these cultivars and for taking 
early corrective measures (top dressing or foliar spray) to 
ensure good harvest (Afridi and Wasiuddin, 1979; A k h t a r ^ ^ , , 
1984b; Samiullah sl^^t 1982)j and (ii) correlations of NRA in 
flag and second leaf at heading and milky grain stages with 
grain yield in all cultivars (except TL 419 In unexpended flag 
leaf and Muskox "S" and Tigre "S** in the fully expanded one) 
reflect the importance of the top two leaves during grain 
filling period, which agrees with the view expressed by 
Milthorpe and Ivins (1966) and Yoshida (1972) regarding the 
contribution of top leaves in grain development (see also p.178). 
There seems to be no reference in the literature 
regarding NRA in the flag leaf of triticalei although Nair and 
Abrol (1982) did study the relationship between flag leaf NRA 
and grain yield of wheat. In this connection, the work of Singh 
^ ML» (1976), who noted positive correlation between NRA in 
unspecified leaves and grain yield, may also be mentioned as it 
relates to triticale. Similar observations have been made in 
wheat by Johnson ej^  ^ , (1976) and Singh and Singh (1985), 
Among the yield attributes, ear length, ear number, 
ear weight, grain number and 1,000 grain weight seem to 
contribute most towards final grain yield of various cultivars 
on the basis of strong and consistent correlations (Table 83), 
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Of these, it may be mentioned that Delfin and Tigre "S" showed 
the strongest associations followed by wheat, with rye occupying 
the lowest position in this regard. 
To conclude, therefore, the superior grain yield of 
Delfin and Tigre "S« was most consistently and strongly 
correlated not only with growth (Table 80) and yield characters 
(Table 83) but also with leaf NPK (Table 81) content and NRA 
(Table 82), This clearly establishes the positive contribution 
of these physio-morphological parameters towards final yield of 
these cultivars. Similar positive correlations between yield 
and growth and between yield and yield parameters have also been 
noted by several workers in case of triticale and/or wheat 
(Chandrappa, 1973, 1974; Singh and Sethi, 1974j Reddy and Lai, 
1976| Khotyleva et ^ ., 1977? Kovtun et jil., 1978| Tahir^^al., 
1979| Ahmad eiai., 1980). 
The behaviour of the two parents (wheat and rye) needs 
separate consideration. Whereas, wheat did not show as strong 
(or consistent) correlations as Delfin or Tigre "S", its grain 
yield was equal to that of the latter and was second only to the 
yield of Delfin. This was most probably due to its high 
population count (Table 55) coupled with its inherent ability 
for better partitioning of photosynthates as is evident from its 
high harvest index (Table 75). In the case of rye, it may be 
admitted that not only population count but also shoot length 
and spikelet number were far superior to all other cultivars. 
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a s w e i l a s q u a l i t y p a r a m e t e r s (n = 9) 
Pa r a m e t e r s V a r i e t i e s T i l l e r i n g 
S t l a e 
Second leaf 
Heading 
stage 
Milky grain 
stage 
F l p n l e a f 
U n e x p a n d e d E x p a n d e d 
H e a d i n g 
s t a g e 
H e a d i n g 
s t j g e 
M i l k y g r a i n 
s t a g e 
G r a i n 
y i e l d 
TL 419 
T i n r e " S " 
Muskox " S " 
Del f i n 
HD 1982 
( w h e n t ) 
R u s s i a n Rye 
N. S . 
0 , 8 6 4 
0 . 9 29 
0 . 7 30 
0 . 6 8 5 
V..S. 
N , S . 
tJ. 3 . 
0 . 7 1 3 
M. 3 , 
N. 3 . 
0 . 7 7 7 
M. S. 
N. S. 
Iti 
0 . 7 8 8 
0 . 6 8 5 
0 . 8 1 2 
.\'. S. 
0 . 6 7 2* 
* I 
0 . 7 7 1 
0 . 6 7 4 
m 
0 . 7 6 6 
0 . 6 7 6 
0 .707 
0 . 7 30* 
N. S. 
0 . 7 3 3 
0 . 6 7 2 
N. S. 
0 . 8 6 8 
tl. S. 
0 . 6 9 2 
0 . 7 9 2 * 
N. S. 
** * 
0 . 8 5 9 
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* i 
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Iti 
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N.S. 
0 .732 
; j . s , 
0 . 6 7 7 
0 . 6 9 6 
0 , 6 R 4 
U.S. 
n. s . 
0 . 6 9 8 
0 . 7 1 1 
rJ. 3 . 
N. S. 
0 . 7 39 
0 . 6 9 7 
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t:. s. 
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* ** 
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0 .80B 
0 .69 9 
N.S. 
N.S. 
0 . 7 0 2 
0 .67 4 
N.S. 
M. S. 
H. S. 
0 . 7 0 * 
n . 7 1 1 
* 
0.667 
R u s s i a n Rye 0 . 6 u 7 0 . 6 9 6 
K'. S . 
0 . 7 1 8 
0 . 7 2 6 
It 
0 . 7 36 
0 . 7 4 2 
M. S. 
0 . 6 9 3 
0 . 7 4 9 
N. 3. 
*** 
0 . 8 5 1 
«« 
0 . 7 5 1 
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N. S. 
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*** 
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HD 108 2 
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* « * # 
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0 . 6 8 3 
N . S , 
* * * 
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N . S . 
*** 
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* ** * 
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* 
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o . a iH 
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: i . s . 
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N . S , 
N. S. 
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** 
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0 . b 51 
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*** 
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* * * * p < 0 . 0 0 1 
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However, its other growth and yield characters as well as leaf-
NPK contents were generally the lowest and showed the least 
correlation with grain yield which was, therefore, the lowest 
among all cultivars. 
Sowing date (Experiment 2) was found to affect the 
grain and straw yield significantly. Sowing on 10 November 
resulted in maximuBn values and that on 10 December, in minimum 
values for grain and straw yield (Tables 26 and 27), Presumably, 
among the four sovdng dates selected, the most favourable agro-
climatic conditions were prevalent around 10 November and the 
most adverse ones around 10 December* It may be recalled that 
sowing date had also affected plant population, growth 
parameters, leaf-NPK content and yield parameters in the same 
manner as grain and straw yield mentioned above. The optimum 
yield of grain and straw in the 10 November sowing should, 
therefore, be mentioned as the result of the cianulative 
contribution of all other characters studied. The present study 
also supports earlier investigations carried out at Aligarh 
(inam, 1978j Abbas, 1980). There are other reports also from 
our country and abroad, indicating that grain yield of triticale 
is affected by sowing date (Larter et jj^,, 19711 Martin and 
Maurer, 1974; All and Rajput, 1977| Kovac''and Dole^al, 1977j 
Sharma et ^ ,, 1977? Dogra, 1978| Inam, 1978} Makki ei^^,, 1980| 
Masconi and Rossi, 1981), 
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In Experiment 3 on seeding rate the values obtained for 
most of the yield parameters were found to decrease as the rate 
was increased from 50 to 150 kg seed/ha (Tables 42-50), On the 
other hand, grain and straw yield/ha increased Up to 125 kg seed/ha 
(Tables 48 and 49), Moreover, this seeding rate was also noted 
to give the best harvest index, indicating the roost favourable 
partitioning of photosynthates. It seems that 125 kg seed/ha 
proved optimum as it provided an ideal plant stand capable of 
maximum utilisation of the environmental factors inspite of the 
competition among and within the plants. This balanced situation 
was not"obtained at other seeding rates. Probably, 150 kg seed/ha 
produced too many plants per unit area, favouring intense 
competition. On the other hand, seeding at 50 and 75 kg/ha 
produced too thin a stand for maximum utilisation of the inputs 
inspite of excellent vegetative growth of individual plants and 
nutrient accumulation. This inference corroborates the views of 
Donald (1963), Black (1966), Abbas (1980), Abbas ^ ^ . (1983b) 
and Alvi (1984), It may not be out of place to mention here that 
Kiss (1968), Edwards St jyj^ . (1971), Larter £t ^ . (1971), Dziamba 
(1976), Meilado(1977), Sharma e^ jj^ (1977), Dhiman and Kalra 
(1978), Gebre-Mariam and tarter (1979), Bishnoi (1980), Bishnoi and 
Nwigwe (1980) also worked out the optimum seeding rate for the best 
performance of triticale in different agro-climatic conditions. 
Their optimum rates ranged between 75 and 125 kg seed/ha for 
different cultivars which somewhat supports the data of the present 
study. 
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The data of Experiments 1-3 discussed above were 
finally utilised in Experiments 4 to determine the optimum 
combined nitrogen and phosphorus dose under local conditions. All 
yield attributes, including grain and straw production, as well 
as harvest index, were found to be optimum in N2QQP4Q» If the 
explanation given while discussing the data of Experiments 1-3 
were tenable, the optimum grain and straw yield obtained in 
^200^40 ^®"^^ ^^ ^"® *° ^^^ cumulative effect of the best growth 
(Tables 56-60) and yield attributes (Tables 67-75) as well as 
leaf-NPK content (Table 61-63) and NRA (Tables 64-66) noted in 
this treatment. On the same premises, we may explain the lowest 
grain and straw yield in treatment N^^QPJQ, which was found to 
be the least effective for vegetative as well as reproductive 
growth and development. 
Surprisingly, except for the work done at Aligarh 
(Inam ejfe ai., 1978, 1985| Alvi, 1984), there is hardly any report 
on the effect of graded combinations of nitrogen and phosphorus 
on the reproductive growth of triticale, A positive effect of 
nitrogen application alone on the yield attributes of triticale 
has, however, been reported by Ali and Rajput (1978), Etchevers 
and Moraghan (1978), Gajrado et ^ , (1978), Kalra and Dhiraan 
(1979), Pancholi and Bishnoi (1980), Ashfaq ^  Jl, (1984) and 
Alvi (1984), 
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Quality characteristics 
Cereals are recognised as the staple food of mankind 
owing to their place amongst the richest sources of carbohydrate 
coupled with aanple content of grain protein. That is v»*iy not only 
the yield, but also the quality, of grain is taken into consider-
ation while recommending a cereal variety for commercial 
cultivation. Hence, it was considered logical to include the 
grain quality of triticale vi8~a~vi8 its parents in the present 
study in terms of grain protein and carbohydrate content as well 
as yield on per hectare basis. The highlights of the findings 
are discussed below. 
In all the experiments (Tables 10; 29-32; 51-54; 76-79), 
Delfin showed highest carbohydrate as well as protein content of 
grain. It also gave maximum carbohydrate and protein yield per 
hectare. On the other hand. Bronco 90 in Experiment 1 and rye in 
Experiments 2-4 gave the lowest values for all quality parameters, 
except that for grain protein content which was lowest in 
Muskox "S" in Experiments 2 and 4 (Tables 29 and 51), These 
results could be a reflection of data on the vegetative and 
reproductive growth, indicating the specific response of each 
cultivar according to their genetic variability (p.168). The 
present work reveals for the first time the over-all superiority 
of the grain quality of Delfin over that of virtieat and rye. It 
also establishes the higher carbohydrate content and yield of all 
the four triticales compared with the two parents. These findings 
I 188 : 
confirm earlier reports of the superiority of the grain quality 
of triticale oyer wheat (Lafever and Schmidt, 1972; Hristova, 
1974; Bakhshi £i ai.., 1975; Dorofeev, 1976; Deralr^t^,, 1978; 
Pleshkov £i ji,, 1979; Poysa £t aJL., I981a,b; Alvi, 1984). 
The values of correlation coefficients> worked out in 
Experiment 4 (Table 82), revealed that NRA in second leaf at 
tillering stage in Delfin, Muskox "S" and rye showed a consistent 
correlation with all quality characteristics. Moreover, NRA in 
flag leaf at milky grain stage in case of all the varieties 
exhibited consistent correlations with all quality character-
istics, except carbohydrate yield in Tigre "S" and rye. Therefore, 
hRA estimation in second leaf may help predict the grain quality 
as early as at tillering stage. Such a detailed study of the 
association of NRA in various leaves and quality parameters of 
triticales in relation to the two parents has not yet been 
undertaken. Even Singh^a^. (1976), who also observed a 
positive correlation, confined their study to unspecified leaf-
NRA and protein content of one cultivar of triticale only. In 
wheat, however, positive correlation of flag leaf-NRA with grain 
protein content was reported by Nair and Abrol (1982), Moreover, 
Croy and Hageman (1970), Deckard §^ ^» (1973) and Dalling and 
Loyn (1977) have also noted positive correlation of NRA with 
grain protein content in unspecified leaves of wheat and other 
cereals. 
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Considering the effect of sowing date, in general, 
to November sowing gave optimum values, while 10 December proved 
most unsuitable for all grain quality characteristics 
(Tables 29u32). It may be recalled that these dates of sowing 
affected the growth and yield performance of the cultivars in 
the same order. Therefore, it may be argued that sowing on 
10 November enhanced not only the production of dry matter 
(Table 16) but also the translocation of photosynthates to grain 
during the grain filling period. Conversely, sowing on 
10 December seems to have affected these processes adversely and, 
as a consequence, deteriorated grain quality accordingly 
(Tables 29-32), Surprisingly, the effect of sowing date on grain 
quality of triticale has not so far been studied. The present 
findings are, therefore, a new addition to the literature. 
The data of Experiment 3, regarding the effect of 
seeding rate on grain quality (Tables 51-S4), may now be 
considered. Whereas protein content was equally affected by all 
five seeding rates, carbohydrate content was higher in 50 to 100 
than in 125 to 150 kg seed/ha. However, both protein and 
carbohydrate yields/ha were highest in 125 kg seed/ha probably 
due to better balance between plant density and competition as 
discussed earlier ( pJ85 ), Almost similar results have 
been reported locally for other triticales by Alvi (1984), who 
tested 50, 100, 150 and 200 kg seed/ha. The earlier findings of 
Larter et ji., (1971), Lafever and Schmidt (1972) and Gebre-Mariam 
I 190 s 
(1979), who failed to find any effect of seeding rate on grain 
quality of triticale variety Rosner (the earliest released 
Canadian cultivar), seem to emphasise the more advanced nature 
and versatility of the cultivars used in the present study. 
The data of the last field trial (Experiment 4) 
revealed that, like growth and yield characteristics in general, 
the grain quality of Delfin was the best and that of lye, the 
poorest (Tables 76-79), The implications of these results have 
already been discussed (p.168). 
Out of the nine combinations of nitrogen and phosphorus, 
^00^40 i'^ variably proved best and N^^QPJQ resulted in the 
poorest grain quality (Table 76-79). These broadly support the 
results of Alvi (1984) on grain quality who worked under the same 
conditions with other triticale cultivars. It may also be 
mentioned that Cherginets et ^ . (1980) also found a coDnparable 
dose of nutrients to be optimum for grain protein content of 
triticale. 
The beneficial effect of the application of nitrogen 
alone on protein content of triticale (like other cereals) has 
been reported by Kalra and Dhiman (1979), Pleshkov et §X» (1979), 
Bishnoi and Mugwira (1980), Pancholi and Bishnoi (1980), Pino and 
Radriguez (1980) and Kolev and Khristov (1983), It is also known 
that application of phosphorus has an adverse effect on the 
protein content of cereals including barley (Larter and 
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Whltehousc, 1958j Atkins eit ^ . , 1965j Afrldi and Saraluilah, 
1973J Samiullah and Afridi, 1975), It may be emphasised here 
that a balanced supply of nutrients is of paramount importance 
for improving the grain quality of cereals. Nitrogen supply 
increases grain protein at the expense of carbohydrate, whereas 
phosphorus supply increase grain carbohydrate at the expense of 
protein(Wahhab and Hussain,l957);Jai8inghani ^  ^,, 1970). 
Apparently, NgQQP^Q provided the most balanced combination of 
these two nutrients from the point of view of over all grain 
quality of the cultivars tested in the present study. 
Conclusion 
Considering the relevant data of the four field 
experiments discussed above, it may be concluded that Delfin 
(and Tigre "S"), among the triticales tested, are most adaptable 
to the agro-climatic conditions obtaining at Aligarh. These two 
cultivars could be expected to compete favourably with the local 
wheat check if sown around 10 November at the rate of 125 kg seed 
with a basal dose of 200 kg N and 40 kg P (together with 30 kg 
K)/ha. 
CHAPTER - 6 
SUMMARY 
The present thesis comparises six chapters. The 
importance of the problem undertaken and the justification for 
the four field experiments conducted have been briefly 
explained in Chapter 1. 
Early history of mineral nutrition of plants, 
importance of NPK in plant metabolism, leaf NPK content and the 
effect of basal application of NPK fertilisers as well as that 
of sowing date and seeding rate on growth, yield and quality of 
triticale and other cereals, including wheat and rye, have been 
reviewed in Chapter 2. 
Details of materials and methods employed for the 
four field experiments together with authentic meteorological 
and edaphic data, have been included in Chapter 3. 
Experimental results, based on statistically analysed 
data, have been presented in Chapter 4 and, subsequently, 
discussed in Chapter 5. Sunmary of the results regarding the 
four field experiments conducted is given below. 
Eight varieties of triticale (Bronco 90» Badger 
PM 118, TL 419, Tigre "S", Juppa «S«, Muskox^ « S % Mula "S" and 
Delfin) along with one check each of wheat (HD 1982) and rye 
(Russian Rye) were screened and four of them (TL 419, Tigre "S", 
Muskox "S" and Delfin) were selected in Experiment 1 on the 
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basis of population count (number of plants/sq in), growth 
and 
Characteristics, leaf NPK content/ yield and quality character-
istics. Population count was carrf.ed out after one month of 
sowing. Growth characteristics (shoot length, tiller number, 
leaf number, fresh weight and dry weight) and leaf NPK content 
were studied at tillering, heading and milky grain stage of 
growth. Yield attributes, namely ear number, ear weight, ear 
length, spikelet number, grain number, 1,000 grain weight, grain 
yield, straw yield and harvest index as well as quality 
characteristics, viz, grain protein and carbohydrate content and 
grain protein and carbohydrate yield/ha, were determined at 
harvest. The remaining three experiments were aimed at 
establishing the appropriate sowing date, seeding rate and 
nitrogen and phosphorus requirement of the selected triticales, 
keeping the same cultivars of wheat and rye as checks. The 
criteria selected for assessing the performance of the crop were 
the same as in Experiments 1-4, However, in Experiment 4, NRA 
in leaf was also included, A brief account of the experiments 
conducted is given below. 
Experiment 1 (1982-83) 
This was a simple randoooised field trial on eight 
triticales and two checks each of wheat and rye, as mentioned 
above, to select the better performing varieties, A basal 
fertiliser dose of N^so^O^O ^^^ applied uniformly. Crop was 
sown on 10 November with 50 kg seed/ha. 
t 194 I 
Rye, followed by wheat, surpassed all the cultivars 
tested in population density. However among triticales, Delfin 
gave highest number of plants/sq m, while Bronco 90 showed 
poorest performance in this regard. 
Delfin proved best among all the cultivars tested at 
each stage for all the growth parameters, except shoot length 
which was maximum in rye. Whereas, lowest performance regarding 
shoot length, tiller number and leaf number was observed in 
wheat, Bronco 90 and Mula "S" respectively, fresh weight and dry 
weight were minimum in Juppa "S" at all the stages. 
Highest content of leaf-NPK was recorded in Delfin at 
all the stages, except at heading stage for leaf-P content and 
at milky grain stage for leaf-N content where Tigre "S" proved 
best, with Delfin being equal to it in each case. Bronco 90, 
rye, Juppa "S" and Mula •'S" showed poorest performance with 
regard to the content of one or the other of the leaf-nutrients 
tested at different stages. 
Among the various yield characters, the value for ear 
number, ear weight, ear length and t,000 grain weight was 
highest in Delfin, Spikelet and grain number was maximum in rye 
and Tigre "S* respectively! but Delfin followed each of these 
varieties closely. Grain yield and harvest index were maximum 
in wheat; but Delfin was at par with wheat. Tigre "S" was also 
at par with wheat in grain yield. Straw yield was maximum in 
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TL 419, On the other hand, rye. Bronco 90, Juppa "S", Mula "S" 
and wheat gave lowest value for one or the other parameter at 
different stages. 
Delfin proved best for all the quality parameters. 
However, Tigre "S" and whe'at reached parity with Delfin in 
grain protein content, grain protein yield and grain 
carbohydrate yield, C^ the contrary, Bronco 90 gave lowest 
protein content and protein yield, while Badger PM 118 and rye 
were poorest in carbohydrate content and carbohydrate yield 
respectively. 
Thus, of the eight triticales, better performing ones, 
namely TL 419, Tigre "S", Muskox "S" and Delfin were selected 
for the next three experiments conducted subsequently. 
Experiment 2 (19e3«84) 
The design of this experiment was factorial randcmised, 
Four triticale cultivars, selected on the basis of the data of 
Experin^ent 1, along with wheat and rye, were sown on four dates 
(25 October, 10 November, 25 November and 10 December) to 
determine the optimum sowing date for these cultivars, 
AcQong all the dates, sowing on 10 November resulted in 
the highest number of plants/sq m, while 10 December proved 
poorest in this respect. Of the varieties, rye, followed by 
wheat and Delfin, in that order, showed highest population 
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density. TL 419 gave poorest pexfcrmance. The interaction 
10 November x rye proved best, 10 December x TL 419 gave 
the lowest value. 
Considering the growth characters, 10 November proved 
best while 10 December gave poorest results for all the 
parameters at each stage, Delfin gave the best and rye, the 
poorest performance with regard to all the parameters, except 
shoot length, which was maximum in rye and minimum in TL 419 at 
all the stages. Interaction was significant for leaf number at 
heading stage and for all the growth parameters, except shoot 
length, at milky grain stage, 10 November x Delfin proved 
invariably best, while 10 December x rye showed lowest value for 
all significantly affected parameters, except leaf number at 
heading stage and tiller number at milky grain stage, where 
10 December x TL 419 gave poorest value in both the cases, 
to November proved best and 10 December gave poorest 
value for leaf N, P and K contents at all the stages. Among the 
varieties, Delfin proved best for leaf N,P and Kcontents, at 
each stage except (i) leaf-N at tillering stage, which was 
maximum in wheat, (ii) leaf-P at heading stage and (iii) leaf-K 
at milky grain stage, which were highest in Tigre «S". 
Contrarily, rye, TL 419 and Muskox "S" gave poorest results for 
one or the other leaf-nutrient content at different stages. 
10 November x Delfin proved best for all the leaf-nutrients when 
results were significant, Leaf-P at heading stage was, however, 
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highest in 10 November x TL 419 and leaf-K at milky grain stage, 
in 10 November x Muskox "S", On the other hand, lowest values 
were given by rye, Muskox "S" or TL 419 for one or the other 
leaf-nutrient at different stages. 
Regarding yield attributes, 10 November proved 
invariably optimum while 10 December gave lowest value for all 
the parameters^ Aaong the cultivars tested, Delfin proved best 
for all the parameters, except spikelet number, grain number and 
straw yield, which were maximum in rye, Tigre "S" and TL 419 
respectively. Rye gave poorest perfoimance with regard to all 
the attributes, except spikelet number v\^ ich was minimum in 
wheat. The interaction 10 November x Delfin proved best for all 
the parameters, except spikelet number, grain number and straw 
yield, which were maximum in 10 November x rye, 10 November x 
Tigre "S" and 10 November x TL 419 respectively, 
10 November proved best and 10 December gave lowest 
value for all the quality characters, except grain protein 
content for which 25 October, equalled by 25 November and 
10 December, resulted in poorest performance, Delfin exhibited 
highest value for each parameter. Rye gave the minimum value 
for all the characters, except grain protein content for which 
Muskox "S" gave poorest performance. Interaction was significant 
for all quality parameters, except grain carbohydrate content, 
10 November x Delfin invariably proved optimum. Conversely, 
10 November x Muskox "S", equalled by 25 October x Muskox "S" and 
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10 December x rye, gave lovuest value for grain protein content. 
The interaction 10 December x rye proved poorest for protein, as 
well as carbohydrate, yield of grain. 
Experiment 3 (1983-84) 
In a factorial randomised field trial, the effect of 
five seeding rates (50, 75, 100» 125 and 150 kg seed/ha) was 
observed on the perfozmance of the same four selected triticales 
and one check each of wheat and rye, so as to determine the 
optimum seeding rate. The crop was sown on 10 November with a 
uniform basal fertiliser dressing of ^tgo^o'^O* 
Plant population progressively increased with 
increasing seeding rates. Rye, followed by wheat and Delfin, 
in that order, resulted in maximuna number of plants/sq ra, while 
TL 419 was poorest in this regard. The interaction 150 kg 
seed/ha x rye gave the maximum and 50 kg seed/ha x TL 419 
(equalled by 50 kg seed/ha x Muskox "S"), the minimum plant 
density. 
Values for all the growth characteristics gradually 
decreased with increasing seeding rate from 50 to 150 kg seed/ha, 
Delfin gave best response for all the growth characters, except 
shoot length which was maximum in rye at each stage. The effect 
of interaction was significant for all the parameters, except 
shoot length at each stage and fresh and dry weight at tillering 
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stage. The interaction 50 kg seec^/ha x Delfin proved optimum for 
al l parameters, except shoot length for which 50 kg seecf/ha x rye 
proved optimum at each stage and leaf number at milky grain stage 
for which the best combination was 50 kg seed/ha x Tigre "S", On 
the other hand, rye, TL 419, Muskox "S^ and wheat gave poorest 
resul ts with 150 kg seeci/ha for one ox the other parameter at 
different stages. 
Like growth characters, leaf-nutrient content decreased 
with increasing seeding rate from 50 to 150 kg seed/ha. Among the 
var ie t ies , Delfin Invariably proved best for the content of a l l 
three leaf-nutr ients . Rye, TL 419, Muskox "S" and wheat gave 
lowest values for leaf-NPK at one or the other stage. Interaction 
was significant for al l three leaf-nutrients, except for leaf-N at 
each stage and for leaf-P at milky grain stage. 50 kg seed/ha x 
Delfin exhibited maximum value for leaf-N and P each at t i l l e r ing 
and heading stage, while 75 kg seed/ha x Delfin (equalled by 50 kg 
seed/ha x Delfin) proved best for leaf-K at milky grain stage, 
Contrarily, rye, TL 419, Muskox "S" and wheat showed lowest value 
with 150 kg seed/ha at different stages. 
As regards the yield a t t r ibutes , increasing the 
seeding rate from 50 to 150 kg seeci/ha decreased the values for 
ear number, ear weight, ear length and spikelet number. More or 
less the same trend was shown by grain number and 1,000 grain 
wreight also. In contrast, grain and straw yield were increased 
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with increasing seeding rates upto 125 kg seecl/ha; but both got 
sharply decreased at the highest seeding rate (150 kg seed/ha) 
which gave the lowest value. However, in grain yield, 50 and 
75 kg seed/ha were also at par with 150 kg seed/ha. Harvest 
index was highest at 125 kg seed/ha and lowest at 75 kg seed/ha 
(equalled by 50 kg seed/ha). Regarding varieties, Delfin proved 
best for all the yield attributes, except spikelet number, grain 
number and straw yield, which were maximum in rye, Tigre "S" and 
TL 419 respect!vely. However, wheat was at par with Delfin in 
harvest index. Interaction was significant for all the yield 
parameters, except ear nuraJser and spikelet number, 50 kg seed/ha x 
Delfin proved best for ear weight, ear length and 1,000 grain 
weight. Highest grain number was given by 50 kg seed/ha x 
Tigre "S", Best results for grain and straw yield were given by 
125 kg seed/ha x Delfin and 125 kg seed/ha x H 419 respectively. 
Moreover, 125 kg seed/ha x wheat, equalled by 125 and 75 kg 
seed/ha x Delfin, gave highest value for harvest index. On the 
other hand, rye, Muskox "S", TL 419 and wheat gave lowest values 
with 150 kg seed/ha for one or the other parameter at different 
stages. 
Effect of seeding rate was significant for all the 
quality parameters, except grain protein content, 75 kg seed/ha, 
equalled by 50 and 100 kg seed/ha, gave maximum carbohydrate 
content of grain, whereas grain protein and carbohydrate yield 
were highest with 125 kg seed/ha. Lowest value was invariably 
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given by 150 kg seed/ha for all significant quality parameters, 
Del fin proved best, w*iile rye gave niinimum value for all the 
quality parameters. Interaction was significant for all the 
quality attributes, except grain protein yield, 50 and 75 kg 
seed/ha x Delfin proved best for grain protein content. 100 kg 
seed/ha x Delfin (equalled by 125 kg seed/ha x Delfin) and 
125 kg seecV^ha x Delfin proved optimum for carbohydrate content 
and carbohydrate yield respectively, IVhereas 50 kg seed/ha, 
with TL 419 and rye, gave the lovvest values for protein content 
and carbohydrate yield of grain respectively, 150 kg seed/ha x 
rye was poorest for carbohydrate content, 
Experlroent 4 (1984*^85) 
This factorial arandoralsed field experiment was aimed 
at working out the optimum of the nine possible combinations of 
basal nitrogen and phosphorus for the selected triticales and 
checks, taking N^^Q, NgQQ and Ng^Q as nitrogen levels and PgQ, 
P^Q and PQQ as those of phosphorus. The crop was sown on 
10 November with 125 kg seed/ha, that was noted to be optimum in 
Experiments 2 and 3, 
Maximum number of plants/sq m was noted for ^ooo^AO 
tqualled by N2QQP3Q1 ^^^ 50^40 ^nd N^50P5o# ^^^ lowest value was 
given by ^2^QP4Q, which was equalled by N250P3Q ®"*^  ^ 50^50* 
Rye, followed by wheat and Delfin, in that order, gave highest 
population density, while TL 419 showed the lowest value. 
Interaction effect was non-significant in this regard. 
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^200^40 P^o^®^ best, while -Ni 50^30 ^®^* poorest 
results for all the growth characteristics at each stage. 
Regarding varietal response, Delfin showed highest value for all 
the growth characters, except shoot length (maximum in rye), at 
each stage. Interaction was significant for all the parameters, 
except leaf number and dry weight at tillering stagt and for 
tiller number at milky grain stage, ^^200^40 P^ *^ ®^^  ^ ®5* with 
Delfin for all the growth parameters at all the stages, except 
for shoot length (optimum in ^200^40 * ^^ ^* ^'^^^ stage) and 
dry weight (optimum in N2Q0P40 * TiQ^ f® "S" at milky grain stage)p 
on the other hand, N^^QPgQ gave the poorest perfoimance with rye, 
wheat and Muskox "S* for one or the other parameter at different 
stages. 
Doses containing 250 kg N (N25Q) vdth P^Q, P^Q or P^Q 
gave best results for leaf N, P or K content at different stages, 
wdiile N^5QP3O showed poorest value for all three nutrients at 
each stage. Regarding varietal performance, Delfin proved best 
for all the leaf-nutrients, except for leaf-P and K at heading 
stage(where wheat and Tigre "S", followed by Delfin, gave 
highest value) and for leaf-N at milky grain stage (where 
Tigre "S" proved best). Rye gave lowest value for all the leaf-
nutrients, except for leaf-N at heading and milky grain stage 
(minimum in Muscox **S"), Interaction was significant for leaf-N 
at milky grain stage and for leaf-K each at tillering and milky 
grain stage, Tigre "S" with each dose containing Ng^Q and with 
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^00^40 ^®^® highest leaf-N content at milky grain stage. 
Whereas N2QQP4Q x Delfin (equalled by N25o^30 ^ Tigre "S") at 
tilleting stage and ^200^40 * ^ -^^ ^^ ^ ^ ^ milky grain stage gave 
maximum value for leaf-K. Eye and TL 419 gave the lowest values 
with N^50^30 ^* different stages. 
As regards nitrate reductase activity (NRA), NgQQp^Q 
proved invariably the best and N I ^ P - Q the poorest treatment. 
Among varieties, Delfin either proved best or was at par with 
the variety giving the highest value in this regard. Wheat gave 
the lowest value of NRA for all the types of leaf, , except for 
second leaf at tillering and heading stage, where Muskox "S", 
equalled by wheat and/or TL 419, gave the poorest results, 
^00^40 *®^ found to give the highest values for NRA with Delfin, 
Tigre "S" and rye in different leaves at various stages, vdth 
^00^40 ^ Delfin being included in each case. 
With regard to yield attributes, ^ 200^40 P^^^^^ 
invariably optimum, while N-J^QPJQ gave the lowest value for each 
parameter, Oi the cultivars tested, Delfin proved best for all 
the yield attributes, except spikelet number, grain number and 
straw yield, which were maximum in rye, Tigre "S" and TL 419 
respectively. As against it, rye showed poorest performance 
with regard to all the yield characteristics, except spikelet 
number (minimum in wheat). Among interactions, ^ 000^40 ^ Delfin 
proved best for all the parameters, except ear number (which was 
non-significant) and spikelet number, grain number, straw yield 
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and harvest index, fox which ^200^30 ^ ^®» ^00^40 ^ ^^^re "S", 
^50^50 ^ ^ ^^^ '^^^ ^50^40 * wheat gave maximum value 
tGspectively, On the other hand, rye, TL 419 and wheat gave 
poorest values with various dosss, with I*^ 5oP3o x rye being 
included in most cases. 
Moreover, regarding grain yield, it may be added that 
positive correlations, worked out between grain yield and growth 
and yield parameters as well as between grain yield and leaf-NPK 
content and between grain yield and leaf-NRA, indicate that 
growth and yield attributes as well as leaf-NPK and NRA in 
different leaves, are associated with the final yield of the 
crop; and that grain yield can be predicted even at vegetative 
growth stages on the basis of growth characters, leaf-NHC 
content and NRA in various leaves. 
As regards the quality characters, N2Q0P40 P^^^®^ 
optimimi, while N^ 50^30 Q^ 've lowest value for each parameter. 
Among varieties, Delfin proved invariably best and rye gave 
lowest value for all the parameters, except grain protein 
content, for which Muskox "S** gave the poorest performance. 
Regarding interaction, N2Q0P40 * Delfin proved optimum and 
^150^30 ^ ^ ® ^^^® **^ ® lowest values for all the quality 
parameters, except grain carbohydrate content (non-significant) 
and grain protein content (lowest value recorded for N^5oP3o x 
Muskox "S*'). 
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In relation to gjcain quality, it may be added that 
positive correlations, worked out betv^en quality parameters and 
NR in flag and second leaf, confirm the role of NBA in maintain-
ing the grain quality| and that grain quality of different 
cultivars may be predicted at various growth stages of the crop 
by determination of NBA in different leaves. 
In conclusion, ^200^4t> ^^^^^ ^ Q ) P^ o^ved to be the 
optimum fertiliser dose, 10 November the best sowing date and 
125 kg soed/ha the appropriate seeding rate for triticale, in 
general, and for Delfin in particular, for obtaining the superior 
vegetative growth and, ultimately, the desirable yield and 
quality of the grain. Moreover, correlation studies revealed 
that growth and yield characters as well as leaf-NPK and NRA in 
flag leaf and second leaf were attributive to the final yield of 
triticale and its parents, indicating that the grain yield of 
the cultivars tested could be predicted even at an early growth 
stage by determination of growth characters and leaf-NPK as well 
as NRA in leaf. Similarly, leaf-NRA might be utilised as a 
predictive tool to assess the grain quality of triticale and its 
parents. 
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